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(g) Methods and compositions for chromosome-specific staining. 

@ Methods and compositions for staining ^sed upon "ucleic^^^^ sequence mat employ nud^c^add 
^ probes are provided. Said methods "sl^ hybrSSation and stain both interphase 

Cytogenetic analyses. Said probes are aPP~P"?te ^'f^e nudeic acid probes are typically of a 

2Sd metaphase diromosomal material with r^'f '''^^'9"? ' J?- "^e cytogenetic application. Methods 
Complexity greater than 50 kb. the '^'"plex.ty depending "^^^^^ Probes knd test kits are 
S reagents are provided for the d^tertion of genetc^ re j^^^ cytogenetics, in the 

provided for use in detecting genehc P?"^^^^^^ leukemia (CML) and 

detection of disease related lc«. specrf^caily^^^^^^ ^3earch. for the 

for biological dosimetiy. ^etot^s a«nd reagente^ a^^ y^^^ prognoshc and 

3SSra"p;L«^ -^^"^ chromosome-speofc 

sin^l^tranded nudeic acid probes to double stranded target DNA. 
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produce staining distributions that ^rixtenri t! designed by the processes described herein to 

malities in metaphase spreads ^dTint^hle^^^^^^ chromosomes and chromosomal abnor- 

facilitate the microscopic and/or flow cSet^c t "'^'^'^ 

Characterization of the genetic nature ^^ZT^^Z -"d the 

direaedZ™^^^^^^^^^^^ -h of the ianguage herein is 

appiicabie to Chromosomes Vomr^srcS^^^^^^^^ 

BACKGROUND OF THE INVENTION 

to ag~rriret^en::at^^^^^^^^^^^ ^'--es. and exposu. 

somes Today/ Amen^nSci^ "Studying Human Ch,x,mo- 

Neoplasia,"Sci ence.Vol.221 pp Z 7^ll\i ml^ r ^ ' II""' Chromosomal Basis of Human 
age/inGenira^JlS^^ 

York. 1 979). Chromosomal abnoS'esLn n^^^^^ "^'^ ^^^^^^^'^^ P-^^^. 

chromosomes, extra ormissingpoSsSa^hromo^omt^^^^ types .ndudmg : extra or missing individual 

generally lead to fetal death orto serious mental and nhZir^T! ^ ^'^"'^ °^ ^" oiganism and 

ttiree copies of Chromosome 21 nst^adofhen^^^^^^ 

by abnonnal chromosome number or aneunloiJvTl;' I I ^^"^"""^ ^" ^''^'"P'e of a condition caused 
cation Of a subregion on c^^^Z:^"S.T^<m TZ 2n bfn"' T"* ^ ^"""^ 
another chromosome. Edward syndrome ns^pL^.^^l' " ^ P"^^®"* °" chromosome 21 or on 

syndrome (XXY)areamongtherr«Y^^^^^^^ 

some Imbalance .-PrinciDL . Mechanis™ and SSJ.!^r? k ^ C°"^^q"«"ces of Chmm^ 

bPigen^. 105:180(197^);;:^^^^^^^ Hress 1986, ; Jacobs. AnO: 

chat^dr:r5Sa,:?^tJS^^ 

cal Genetics : Principles and Practice, n .'1^^ ^'^"^^^^^ 

indicators of genetic daiLge caused CsS aSnrBto^^^^^ 

national Atomic Energy Agency Vienn^^Si? aS u . °^ ('"te"- 

rr»nM^(AcademicPro2 N^^^^^^^ 

are widely distributed in theenvi/onmembeciuieo^^^^^^^ 

pes«ddes.andarangeofindustriairst^sTd^^^^^^^^^^^ 

benzene, arsenic, and the like Kravbill et al fho cn„v vlT '^^'«'9^"3ted hydrocarbons, vinyl chloride. 

meiKe. Krayb.ll etal.. Eds., Environmental Cancer fH..mfapho.o publishing Corporation. 
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. u onmai breaks and other abnormalities could form the basis of 
karyotype is the particular chromosome °^^e^^^^^ 

5e?n^ both by the number and •^°n>hology of ^^^^^^^ (e.g.. ^,0 number of cop.es 

things as total chromosome number. <»Py""'"f*'°7*T^measured by length, cenlromeric index, conneo- 
of cSror^osome X). and chromosomal •"°n.hology. e.g examination of karyotypes. Karyotyp^ 

tednSs. or the like. Chromosomal ^^normal^es can dete^^^^^^ ^^^^^ condensed (for example 
arHnientionally determined by staining ^^^^^l Condensed chromosomes are used because. un« 
.y premature ^"iSt ^r^^^^^^ - 

o! vSiote bLndaries between them in the ce" nud^j'^^^^^^^ ,3,, ^een developed which produce lon- 
A timber of cytologica. ^-^^^^^'^^^'llZ^^^^^ as bands. The banding pattern of ea^ 
; giiudinal patterns on condensed identification of each chromosome type. Latt. 

chromosome within an organism usually perm^ "y'"b.guou ^ ^ Biop -y-'^ ''"'^ Btoengineenng. 

Llns'arid inversions, has required .^^^J 'l^"^"^^^^^^^^ cell culturing and preparation of high gu^ty 

0 Unfortunately, such conventional banding ^^^'^ J^Jj^^gi^e. and frequently difficult or impossible. For 
metaphase spreads, which is time consumir^ ^"^f ^ni i is not dear that the cultured cells are rep- 
Timple. cells from many tumor types ^^^"'"J^^^^^^^^^ of being cultured need to be obta ned Ijy 

resentetive of the original tumor P°P"^\°^^^^^^^^ ^ obtain enough metaphase cells for analysis In 
invasive means and need to be cultured for ^^"^^^"^^^ ^o not permit unambiguous idenhfirabon of 
,5 Tny cases, the banding patterns on me ^^^^^^^^^^^^^^^ i^entiScation may be important to mdj^te 

the portions of the normal *^,J,'^bno™aL Further, the sensitivity and resolving Pow^rof cuj^ 

the location of important genes 7° f ^^"/^^"^^^^^ chromosomes or chromosomal reg.ons have 
rent methods of karyotyping "^.'^^^^ ''^ ^^^Jb^^^^^^^^ as deletions) which involve only a fracton 

highly similar staining charactenst.<». and th^*^^""'^^™ substantially limited for the diagnosis and detetfed 
30 of a Lnd are not detectable. Therefore, such meth^s ^%^,^,V.ni syndrome [Emanuel. Am J. Hum. 
analysis of contiguous gene syndromes P^^-Jl'.^^^^^^^ and retinoblastoma ISparkes. Bjochem, 

Genet. 43 : 575 (1988) ; Schmickel. J^Pediafr.. loa • v 

Bto57vs.'Acta. . 780 : 95 (1985)1. important limitations, which include *e following 1) It « 

-^ffcSSventlonal banding analysis has =«vera nmp^^^^^ ^ ^pp,.^^ ^„,y ^ condensed 

« labor intensive, time consuming, and requires a highly framed an^^^^ 

^ cCosomes.3)ltdoesnotallowfor*ed^^^^^ 

ImM^of conventional banding analysis. genome for reasons not well under- 

^ Thechemicalstainingproceduresofthepnorartpr^.de ^^^^ ^^^^^ pat. 

stood and which cannot be modified as ^^Ztr^n^ occasionally, and with great effort, was in 

terns were used to map the binding ^l^^ /IfJ^'^^^^^^^^^ 

situ hybridization used to obtain some ^"""^^^^^ the inflexibility of chemical staining in *at 

ale toaparticularDNAsequence. The present invent.^^^^^^ ^„ be altered as 

^ ft Lns a genome in a pattern ^ed upon nude. -^"^^ p,obe-produced staining patterns of th. 

required by changing the nudeic acid °^ " ^ ^3^^,, cytogenetic analysis, 

indention provWe reliable fundamental landnjri^swh^^^ 

Automated detection of structural abnonmlrt^s crf c^^^^^ 
bands would require the development of a ^V^^^'^^ ^^^^^ „ to be very difficult to identify re .ab^ 
50 on metaphase d^romosomes by ^Thave teen o^^^^ stained : it is mudi more difRoilt to drf- 

by automated means nomtal chrom<«omes *at ha^ ^^^Zes, such as. translocattons. ^f^^^^^^ 
ferentiate abnom^al chromosomes having ^^^^^^ffj,^^^™ hrom^^^ has not been accomplished after 

- -Trr^r.^ra^^naveta.^^^^^^^^ 
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Science. Vol. 220. pp. 9, 19.924 (1983) The DrobJt^ * Genetici in Gene Families."' 

stranded or double-stranded OrJcl R,i^ w^^^^ """P""^ '^"eled fragments of sfnglt 

5 With such probes it has been cn.ciaiy S^^oS to^^^^^^^ *° complementary sites on chn,mosomal D^. 

acd. the probe's location on the taSget can brdetect;d bTa^L^^^ """^"'^ ^''^ ^ 

characterfsUcsoftheprobeorprobeirgetduirStSL^ n^l """'^ or by some intrinsic 

setting. e.g.. DNA in chromosomes, mRf^ ,n 0^0^!^ nnL^^^^ T^^^ 
« or altered by preparative technique;). niSonTmil <^ ""del (albeit Ld 

»n Situ hybridization probes were iniLIy S to IdTnT^n'" f !° "Vridization. 
nudeic acid sequences on chromosomes o in Com^^^^^^ °' °^ ^^^^^d 

jnal and abnom,al chromosomes were JdTeS^?irZmir.^T'f 

. Sss§^.^--.s(.9a?s:ritrnT.^-^^^^^^^ 

5 Chromosome4.' _HumanGeneUcs. id. 62. pp. 3^ 34uS Codi ng for Albumin to 

the size of the target site is small. As the amount of Im^^^^^^ hybndizaUons are notreliable when 

small only a portion of the potential target sites ?n a poSS T '^^T''^^'' single-copy probes is 
mapping theJocation of the spedfic binding siS of J,rD?oS^L h^^^^^ form hybrids with the probe. Therefore, 
duced by non-specific binding of the prolesZ TJTnoZ^^^ 2^^^ 

i radiographyorlmmunochemistiy). theunrelfeb?^ofl^,rc; ?^ ^^^^^ ^'^^'"P'e. aut<^ 

such as. on the centromeres of the chromosom^ orSm^^hf compact regions of the genome, 

a repetifive sequence is predominantly located Ta sTnSe chr^mn!n °'^^'\*f '""^^^s- some cases, such 
f5c repetitive sequence. [Willard et al. -Isolation and *erefore is a chromosome-speci- 

the Human X Chromosome.- Nucleic AS^Search VoTt^^^^^^ ^'"''"^ "^^"^^^ "^^-''^ fr^-- 

A probe for repetitive seq uences shared bvS SI? ' '^^^ 2°17-2033 (1 983).I 
somesof differentspeciesif Lsequencetss^^^^^^^^^ '"'^ between chromo- 

which is rid, in such repetitive seqLces in Susid in ?K^^^^^ '^^^^^^ 

(1986) ; Manuelidis. Hum. Genet. TT^aTaiTJl^^ ^^AS USA. 83 : 293^ 

(1985.] . n . 288 (1985) and Dumam et al.. Somatic Cell Mdi^T?^ -T> . 571 

«.atSS\::LtaXe^"^;r^^^ -P«-d sequences (repeti«ve probes) 

and references cited therein.] Sud, prob^are n^ t^^^^' ^'^^ ^* G«"et - 78 : 251 (1988 

era^theybindtorepeatedseUceson^rc*:^^^^^ 

ever, one probe has been reported that hybriSes^o h "™„ h ^ How- 
thathybridize to human chromosome YqXbSboJ vSLl^h™'"^'"" '"^^^ ^"'^ "^^^ ^« ^^^^ P^^es 
somes in metaphase spreads. detemiinaZ^of ^e nCrher !i P™''««P«""»« rapid identification of chremo- 
nudel pinkel etal. (I). PNAS USA. 83 - n^l, S^L [T:^ ^^^^'^ chromosomes in interphase 
g : 151 (1986) and CriSiFitiT H^-m. gL^ 74 ! J M ^^11:??'.!!!' ^"^^^ HarborS^n r..,.:^.:.. 
chromosomes in interphase midei p-rasketal ^ora^Pintt? i I^^/f^^^^ 
uelidls. PNAS USA. 81 : 3123 (igi) • Rao^'d^'u ^ ^ ^1. (II). supra ; Man- 

Genet. 7U2Bm^ ; and ML^L'is H^Genet WlS = ^^'^> = ^^^^'^-IFir. Hum, 

.ethc^r^Ser^^^^^ probes. Por example, unfi. the 

able.orchromosome13or21.Purther.rUt::;^^^^^^^^^^^ 
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rations since the probability is low that the abenrations will involve the region to which the probe hybridizes. 

This invention overcomes the prior art limitations on the use of probes and dramatically enhances the appli- 
cation of in situ hybridization for cytogenetic analysis. As indicated above, prior art probes have not been useful 
for in-depth cytogenetic analysis. Low complexity singl^opy probes do not at this stage of hybndization 

5 technology generate reliable signals. Although repetitive probes do provide reliable signals, such signals cannot 
be tailored for different applications because of the fixed distribution of repetitive sequences in a genome. The 
probes of this invention combine the hybridization reliability of repetitive probes with the flexibility of being able 
to tailor the binding pattern of the probe to any desired application. 

The enhanced capabilities of the probes of this invention come from their increased complexity. Increasing 

10 the complexity of a probe increases the probability, and therefore the intensity, of hybridization to the target 
region, but also increases the probability of non-specific hybridizations resulting In background signals. How- 
ever, within the concept of this invention, it was considered that such background signals would be distributed 
approximately randomly over the genome. Therefore, the net result is that the target region could be visualized 
with increased contrast against such background signals. 

15 Exemplified herein are probes in an approximate complexity range of from about 50.000 bases (50 kb) to 

hundreds of millions of bases. Such representative probes are for compact loci and whole human chromo- 
somes- Prior to this invention, probes employed for in situ hybridization techniques had complexities below 40 
kb, and more typically on the order of a few kb. 

Staining chromosomal material with the probes of this invention is significantly different from the chemical 

20 staining of the prior art. The specificity of the probe produced staining of this invention arises from an entirely 
new source - the nucleic acid sequences in a genome. Thus, staining patterns of this inventton can be designed 
to highlight fundamental genetic infonnation important to particular appiicatfons. 

The procedures of this invention to constmct probes of any desired specificity provide significant advances 
in a broad spectrum of cytogenetic studies. The analysis can be carried out on metaphase chromosomes and 

25 interphase nuclei. The techniques of this invention can be especially advantageousfor applications where high- 
quality banding by conventional methods is diflRcult or suspected of yielding biased infonnation, e.g., in tumor 
cytogenetics. Reagents targeted to sites of lesions known to be diagnostically or prognostically important, such 
as tumor type-specific translocations and deletions, among other tumor specific genetic anangements, penmit 
rapid recognition of such abnonnalities. Where speed of analysis is the predominant concern, e.g.. detection 

30 of low-frequency chromosomal aben-ations induced by toxic environmental agents, the compositions of thfe 
invention permit a dramatic increase in detection efficiency in comparison to previous techniques based on con- 
ventional chromosome banding. 

Further, prenatal screening for disease-linked chromosome aben-ations (e.g., trisomy 21) is enhanced by 
the rapid detection of such aben-ations by the methods and compositions of this invention. Interphase aneup- 

35 lokJy analysis according to this invention is particulariy significant for prenatal diagnosis in that it yields more 
rapid results than are available by cell culture methods. Further, fetal cells separated from maternal blood, which 
cannot be cultured by routine procedures and therefore cannot be analysed by conventional karyotyping techni- 
ques, can be examined by the methods and compositions of this invention. In addition, the intensity, contrast 
and color combinations of the staining patterns, coupled with the ability to tailor the pattems for particular appli- 

40 cations, enhance the opportunities for automated cytogenetic analysis, for example, by flow cytometry or com- 
puterized microscopy and image analysis. 

This application specifically claims chromosome specific reagents for tiie detection of genetic rearrange- 
ments and methods of using such reagents to detect such reanangements. Representative genetic reanange- 
ments so detected are those that produce a fuston gene - BCR-ABL - that is diagnostic for chronic myelogenous 

45 leukemia (CML). 

Chronic myelogenous leukemia (CML) is a neoplastic proliferation of bone marrow cells genetically charac- 
terized by the fusion of the BCR and ABL genes on chromosomes 9 and 22. That fusion usually involves a 
reciprocal translocation t(9; 22)(q34; q11), which produces the cytogenetically distinctive Philadelphia 
chromosome (Ph^). However, more complex rearrangements may cause BCR-ABL fusion. At the nriolecular 
50 level, fusion can be detected by Southem analysis or by in vitro amplification of the mRNA from the fusion gene 
using the polymerase chain reaction (PCR). Those techniques are sensitive but cannot be applied to single 
cells 

Clearty, a sensitive method for detecting chromosomal abnonmalities and, more specifically, genetic 
rearrangements, such as, for example, ttie tumor specific an-angements associated witti CML. would be a highly 
55 useful tool for genetic screening. This invention provides such tools. 

The following references are indicated in the ensuing text by numbers as indicated : 

1. A. de Klein et al.. Nature 300, 765 (1982). 

2. J. Groffen et al.. Cell 36.93 (1984). 
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3, N. Heisterkamp et al., Nature 306^39 (1983). 

4, E, Shfiveiman etal., Blood 69,971 (1987). 

5, J. B. Konopka, S. M. Watanabe, 0,N. Witte, Cell 37,1035 (1984). 

6, Y. Ben-Neriah et al.. Science 233,21 2 (1 986). 

5 7. P. C. Nowell and D, A. Hungerfofd. Science 1 32,1497 (1 960). 

8. J. D. Rowley, Nature 243,290 (June 1973). 

9. G.Grosveld et al., Mol Cell Biol 6.607 (1986). 

10. E. Canaan! et al.. Lancet 1, 693 (1984). 

11. R. P. Gale and E. Canaani, Proc Natl Acad Sci USA 81.5648 (1984). 
10 12. Konopka J. B. et aL, Proc Natl Acad Sci USA 82 : 1810 (1985). 

13. P. Benn et al„ Cancer Genet Cytogenet 29,1 (1987). 

14. S. Abe et al.. Cancer Genet Cytogenet 38,61 (1989) 

15. M. Shtalrid et al.. Blood 72, 485 (1988). 

16. 1. Dube et al., Genes Chromosomes and Cancer 1.106 (1989). 
15 17. A. J. Fishleder, B. Shadrach and C. TutUe. Leukemia 3 : 10,746 (1989) 

18. C. R. Bartram et ah, J Exp Med 164 (5) : 1389 (1986). 

19. S. Hiroswa etal.. Am L Hematol 28.133 (1988). 

20. M. S, Lee et al., Blood 73 (8) : 2165 (1989), 

21. E.S. Kawasaki et al., Proc Nati Acad Sci USA 85,5698 (1988). 
20 22. M. S. Roth et al.. Blood 74, 882 (1989). 

23. A. L. Hoobemian et aL, Blood 74. 1101 (1989). 

24. C. A. Westbrook et aL. Blood 71 (3) : 697-702 (1988). 

25. B. Trask, D. Pinkel. and G. van den Engh. Genomics 5,710 (1989). 

26. S. J. Collins and M. T. Groudine, Proc Natl Acad Sci USA 80, 4813 (1983). 
25 27. D. Pinkel et a!., Proc Natl Acad Sci USA 83,2934 (1986). 

28. D, Pinkel, T. Straume and J. W. Gray., Proc Natl Acad Sci USA 85, 9138 (1988). 

29. B. Trask and J. Hamlin, Genes and Development, 3 : 1913 (1989). 

30. J. B. Lawrence, C.A. Villnave and R.H. Singer, Cell 42,51 (1988). 

31. G. D. Johnson and J. G. Nogueria J. Immunol. Methods 43, 349 (1981). 
30 32. Hegewisch-Becker et a!., J. Cell. Biochem. (Suppl.) 13E, 289 (1989). 

33. KohleretaL, "Expression of BCR-ABLfrom Transcripts Following Bone Marrow Transplant for Philadel- 
phia Chromosome Positive Leukemias". (manuscript submitted). 

34. Heisterkamp et al., Nature. 315 : 758 (1985). 

35. Heisterkamp et al, J. Molec. Appl. Genet, 2 : 57 (1983). 

35 Fusion of the proto-oncogene c-ABLfrom the long arm of chromosome 9 with the BCR gene of chromosome 

22 is a consistent finding in CML (1-3). That genetic change leads to fomiation of a BCR-ABL transcript that 
is translated to form a 210 kd protein present in virtually all cases of CML (4-6). In 90% of the cases, the fusion 
gene results from a reciprocal translocation involving chromosomes 9 and 22 producing a cytogenetically dis- 
tinct small acrocentric chromosome called the Philadelphia (Ph^) chromosome (7-12), Fig. 8. However, stan- 

40 dard cytogenetics does not have the resolution to distinguish closely spaced breakpoints, such as those 
characteristic of CML and acute lymphocytic leukemia (ALL), and misses fusions produced by more complex 
rearrangements. Mapping and cloning of the breakpoint regions in both genes has lead to molecular techniques 
capable of demonsfrating BCR-ABL fusion in CML cases where the Ph^ chromosome could not be detected 
cytogenetically (1 3-1 6). Southem analysis for BCR rearrangements has become the standard for diagnosis of 

45 CML- More recently, fusion has been detected by in vitro amplification of a cDNA transcript copied from CML 
mRNA using reverse transcriptase (1 7-23). That technique pemnits detection of BCR-ABL transcript from CML 
cells present at low frequencies. Both of those techniques utilize nucleic acid obtained from ceil populations 
so that correlatk)n between genotype and phenotype for individual cells is not possible. 

Described herein are chromosome-specific reagents and methods to detect genetic rearrangements, such 

50 as those exemplified herein for the BCR-ABL fusion, that supply infonmation unavailable by existing techniques. 

SUMMARY OF THE INVENTION 

This invention concerns methods of staining chromosomal material based upon nucleic add sequence that 
55 employ one or more nudeic acid probes. Said methods produce staining patterns that can be tailored for specific 
cytogenetic analyses. It is further an object of this invention to produce nucleic acid probes that are useful for 
cytogenetic analysis, that stain chromosomal material with reliable signals. Such probes are appropriate for in 
situ hybridization. Preferred nucleic acid probes for certain applications of this invention are those of sufficient 
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complexity to stain reliably each of two '^^^^^ chromosomal material The probe compo- 

The invention provides methods and techniques are typically of high complexity, usual y 

sitions of this invention at the <^"f"\^^'^:'^^^^^Zi^^ upon the application for which the probe « 
greater than about 50 kb of complexity. 0^^^ ^Jtnts fre provided which comprise heterogeneous 

Ligned. In particular, chromosome fraction of its sequences substenba ly 

„,ixtures of nucleic add fragn^nts. ^^^^^^1^^%^^ staining is desired - the target nucleic acd. 
complementary to a portion of the ^^'^f^^^'fJ^J^^^ Z nucleic acid fragments are labeled by rrieans as 
preferably the target chromosomal material In ^^^^^^^^^^^.^^^^nts need not be directly labeled in order 
exemplified herein and indicated '"f ; "°*^^^[* '^^^^^^^ such nucleic acid binding can be 

for the binding of probe fragments dimers. The nucleic acid fragments 

detected by anti-RNA/DNA duplex f 'f;!'"^„^^^^^^^^ RNA or DNA. 

of the heterogenous mixtures include <^°''l^^^.^J'^°^^^^^ 
Thisinvention concerns chromosomespecrf^^^^^ 

terialthatisinthevicinityofasuspec^edgenetere^^^^^^ 9^ .^^^^ ^ a genetic 

not limited to translocations. j^^^'J^"/' f 

vicinity of one or more ^"SP^'^*^^ 9^ J hTIToSx^^^ ^'^^ P™''^^ P'^^^^^^ """^""^ 

genetically different chromosomal rearrangernente. ^^^^ methods to detect genetic rearrange- 

Specifically herein exemplified are produce the BCR-ABL fusion which 

ments. e.g.. translocations, deletions, f '^J^^^'SlTs^S c^^^^^ specific reagents for the diagnosis 
is diagnostic for chronic myelogenous to chromosomal sequences in the 

of CML contain nudeic add sequences w"?'*^"^^^;;;"^^^^^^ Jeg^^9q34 and 22q1 1 associated with CML. 
vicinity of the translocation breakpoint '^'°"^°;^f;°^3°^^^^^^ when the BCR-ABLfusion charac 

Those reagents produce a staining P^^^^^^'f^^J^^^^^^ patterns which, along with other 

SSL^Inl^^^^ ^ ^'""^ 

fusion. . ^„ detemiined by applying the reagents of this invention 

s«wences having a Wexlty rf J^'^y C ab<».t200kbtoabout400kb. 
, fron, about 50 kb ab»it 750 kb. a»d ™^ J" baMeaa syspecttd genetic raa^nsamenB 

™:erArr^i^rr^^^^^^ 

5 ferential diagnosis of CML from acute 'V-^PlJ^^f '^"^^^^^ staining patterns in a patient who 

This invention still further provides methods and r^^^^^^^^ 

isafflidedwithadiseaseassodatedgene^reaaa^^^^^^^ 

in CMU wherein said staining patterns are ^'^'^^^^^'^'^^^^^ fransplantation. sud, as bone marrow 
therapeutic regimens, such as chemotherapy f J, ^^'^^^^^^^^ status of such a patient, preferably on 
50 transplantation. Sud, staining P«««;':.„^" ''^V"^,!^^^^^ a patientthat is In remission. Computer 

a cell by cell basis, and can be predidiye ^J^.J^^^^^JJ^^'J^^S^ing patterns 

assisted microscopic analysis can assist is used in testing patient cells on a 
tion provides for methods wherein computer assisted '"''^''^'^P'"" ' 
Sb^c^l basis, for e.g.. to search f^-id^^^^^^ 
55 Still further, this invention provides for methods ana reagenu. 

disease, and to detect spedfic 9ene«^«'y ^ased^^^^ contiguous gene syndromes 

comSrHr."^^^^^^^ 



EP 0 430 402 A2 



homologous to nucleic acid sequences characteristic of one or more components of a contiguous gene syn- 
drome. Representative of such a contiguous gene syndrome is Down syndrome 

5 ^^^^^^T^ "^"?'"^'""" "'^^ """P'"^^ ""'^'^''^ ^'^''^ P™"^ «""P^'"9 ""'^'ete a«d sequences that 
5 are substantially homologous to nucleic acid sequences in multiple foci in a genome. 

veJan^^Z^nT^!" ^ of searching for genetic reanrangements in a genome. For example, con- 

nS ItS^L irJ^"' T -bnom^ality in a chromosomal region of a genome undeV eiami- 

SchSJ,^l«^L T"'" °^ P™"^' P^"''«' '^'^ *e vicinity 

,0 ISn *t ^ Z^'"" S®"*""^' ^'t" hybridization to cells containing the abnomiality to 

Xssr;.Si'u2r'"'''"'°'''"''*^^^^^^^^ 

™„ Jl^ w^*"'.^'*"^' '"■a" "^"'P'ex'ty ""cleic acid probes which have been optimized for 

rapid, efficient and automated detection of genetic rearrangements opnmizea ror 

IB miri ?^!^7*°S?**'iff^ ^""^ complexity is to pool several or many clones, for example, phage plas- 
is mid. cosmid. and /or YAC clones, among others, wherein each done contains an insert that is Uable oV hS 

~cro::TpSr'^ 

oen.^^!^H«"^°"^ '^^^'^"'^ '° "^"^'^ °^ '^^^'^'^ fr^g-^^nte means that the staining rea- 

'0 ^N^drr^rtl^mar^^^^^^^ 

ficany to SlS^ Se sfeT nt^ h r 1"^ P'^P^'^"°" '^ese fragments may be cut. randomly or speci- 

S^L La^i?m!^^^^ °^ ^ "'^^ °' ^'^'^ participating in the hybridization reaction, 

nud^t *^"y below, preferably the heterogeneous probe mixtures are substantially free from 

iot««„! hybridization capacity to non-target nucleic acid. Most of such sequences bi^^^^^ 

seaueni?^^ 1?^°"^ ""desirable nucleic acid sequences and/or to disable the hybridization capacity of such 
seE?.^r r"''*' "^'^ f^^^ "1- S"<=h methods include but are nS?2d to the 

2ouon^?r °^«.««en'n9 of Shared repeHfive sequencesfrom the probe ; careful selection orSi^acid 
cenZrON? = shared repetitive sequences by the ad^^roru^SbeS 

fno Zn^^^' "O,'"*''^ <=^^«fi^"y ««'ecUng nucleicacid sequences for inclusion in the blockinrira ^cubat 

?referab1vT'iIr reassociation of high copy repetitive sequences' orte nke 
DNA bv fn ciJ^'h H T l ^ °^ *® ^PP««^ to interphase or metaphase chromosomal 

DNA by in situ hybridization, and the chromosomes are identified or classtfied i e karvnhmaH w ?T 

Thetv?n^^1^''•r"'''°«"°^'"•^ 

staiJng rgeni"Srto1r^^^^^ 
IS n „„ ,!! r ^chromosomes, staining reagents specific to subsets of chromosomes and 

fe ""^^"^5°°^ *° encompass all of these embodiments of the staining reagents of the invention The term 
« :hro"^3*°"~"''^"^'^^^^^^^ 

A preferred method of making the chromosome-specific staining reagents of the invention includes - 
mpr^ng^^a^^^^^^ 

ridfeTH^n S«o K f ^ ^ heterogeneous mixture of nucleic acid fragments. 3) disabling the hvb^ 

Si^ureic ac"^^^ '''''''' ^^^^"-^ ^am-ts. and 4? S nt 

mirfuTy below ft^^^^ ofZ\t °' '"'"'^ '^9'"^"'^- ^^^^^l^^' 

adop.J3r«:Si?go;?^^^^^^^^^ 

na^n^^^ invention addresses problems associated with karyotyping chromosomes, espedally for diao- 

urS^ nSc aa^^Se^^^^^^^ ""^"^'"S ^^^^ents comprising heterogeneous mixt- 

ures or nuaeic acid fragments that can be hybndized to the taiget DNA and/or RNA. e a the taraet chmm«. 

fteTvlSJf'"'"'' Of Chromosomes, or target ragions of spiinc chromosom^Pl^^-ig'SS^^^^ 

SLrt^crnvn ""^"""■'^ °' '^"''^ "^^^ '^^'^ ^ Chromosomal abnoZlWef 

parbculariy geneticrearrangements. in both metaphase and interphase cells using standaol clini^l aSorat' 

Tc^nrCrarrgSrSer^^^ 

chr^HllZ?"*'? ft"ther specificaOy provWes for methods and nudeic acid probes (tor staining fetal 
chromosomal matenal. whether condensed, as in metaphase. or dispersed as in interphase SffllTrther^l 
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invention provides for a non-embryo-invasive method of karyotyping the chromosomal material of fetel cells, 
wherein the fetal cells have been separated from maternal blood. Such fetal cells are preferably leukocytes 
and/or cytotrophoblasts. Exemplary nucleic acid probes are high complexity probes chromosome-specific for 
chromosome types 13. 18 and/or 21. Representative probes comprise chromosome-specific Bluescrtbe plas- 
5 mid libraries from which a sufficient number of shared repetitive sequences have been removed or the hybrn 
dization capacity thereof has been disabled prior to and/or during hybridization with the target fetal 

chromosomes. , . . . , . . 

This invention stfll further provides for test kits comprising appropriate nucleic acid probes for use in tumor 
cytogenetics, in the detection of disease related lod. in the analysis of stitjctural abnoimalities. for example 
10 Jranslocatlons. among other genetic rearrangements, and for biological dosimetry. 

This invention further provides for prenatal screening kits comprising appropriate nucleic acid probes of 
this invention. This invention also provides for test kits comprising high complexity probes for the detection of 
genetic rearrangements, and specifically for those producing the BCR-ABL fusion characteristic of CML. 
The methods and compositions of this invention pemnit staining of chromosomal material with patterns 
15 appropriate for a desired application. The pattern may extend over some regions of one or more chromosomes, 
or over some or all the chromosomes of a genome and may comprise multiple distinguishable sections, dis- 
tinguishable, for example, by multiple colors. Altematively. the pattern may be focused on a particular porton 
or portions of a genome, such as a portion or portions potentially containing a deletion or breakpoint that is 
diagnostically or prognostically importantfor one or more tumors, or on those portions of chromosomes having 
20 significance for prenatal diagnosis. 

The staining patterns may be adjusted for the analysis method employed, for example, either a human 
obsewer or automated equipment, such as. flow cytometers or computer assisted microscopy. The patterns 
may be chosen to be appropriate for analysis of condensed chromosomes or dispersed chromosomal matenal. 
The invention further provides for automated means of detecting and analyzing chromosomal abnonnaln 
25 ties, particularty genetic rearrangements, as indicated by the staining patterns produced according to this inven- 

Another object of the present invention is to provide an alternative method to cunrentiy avaflable techniques 
for preparing and applying non-selfcomplementary single stranded DMA hybridization probes. 

Another object of the invention is to improve the signal-to-noise ratios attainable in in situ hybridization by 
30 reducing nonspecific and mismatched binding of probe. 

Another object of ttie invention is to provide a meUiod of denaturing double stranded target DNA for appli- 
cation of hybridization probe which minimizes single stranded regions available for hybridization that are non- 
complementary to protie sequences. 

DNA fragments from which probes can be constaicted by treating wi«i a restriction endonuclease which 
35 generates a collection of restriction fragments having "sticky" ends, or staggered cuts, characteristic of the 
endonuclease used. That is, the two fragment ends introduced by a cut each consist of a protruding strand and 
a recessed strand. The restriction fragments are inserted into vectors which have been engineered to accept 
that type of restriction fragment : and the vectors are transfected into host organisms whfeh are grown to 
increase the number of restriction fragments. Next the vectors are separated lirom the host organisms, and the 
40 restriction fragments are excised and separated from the vectors. On each end of the restriction fragments the 
recessed strands are digested by an appropriate exonuclease. Digestion is not allowed to go to completion. 
The exonudease treated restriction fragments are tiien used as template/primers for DNA polymerase which 
replaces the digested strand in ttie presence of a labeled precursor. Examples of enzymes suitable for this pro- 
cess are exonudease III followed by treatment with the large fragment of DNA polymerase I ; or T4 DNA 
45 polymerase, which can perform both functions by changes in reaction conditions. After synttiesis is completed, 
the restriction fragments are broken into smaller fragments such that the labeled portions of the original res- 
triction fragment remain substantially intact. The smaller fragments are denatured, and the labeled strands are 
separated lirom the unlabeled strands to fbmn the hybridization probes. 

Under ttjis mettiod of using single-stranded probes, before application of ttie hybridization probe to the 
so target DNA. ttie target DNA is first treated with the same restriction endonudease used to excise the probe 
DNA from «ie doning vector. This treatment breaks the target DNA into a collection of restriction fraginents 
having taBs at each end characteristic of tt>e resbiction endonudease. Next the target DNA is treated with an 
exonudease which removes the recessed strand, thereby exposing single stranded DNA in the vicinity of tiie 
cut introduced by the restriction endonudease. Finally, the hybridization probe is applied to the target DNA, 
55 e.g.. using standard in situ hybridization protocols, as described more fully below. 

An important feature of the single stranded probe method is treating the doned probe DNA and ttie target 
DNA with ttie same restriction endonudease. This ensures Biat the single stranded DNA of ttie target is com- 
plementary to ttie labeled strand of the probe. Of course many segments of the target in addition to ttie correct 
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binding sites will be made single stranded because there are many restriction cuts, but there will be much less 
total single stranded target than would be made by indiscriminant denaturation. In addition, target DNA rendered 
single stranded in this manner cannot reanneal with itself and thus block access to the probe. 

Another important (but not critical) feature of such a method is the selection of a label which permits labeled 
strands to be separated from unlabeled strands. Preferably precursors are labeled by biotinylation, and the 
labeled strands are separated from unlabeled strands by affinity chromatography. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A, B and C and Figures 2A and 2B illustrate the hybridization of a chromosome-specific 21 library 
to human metaphase spread wherein the inserts were cloned in Lambda phage Charon 21A. The hybridi- 
zation capacity of the high copy repetitive sequences in the library was reduced by the addition of unlabeled 
genomic DNA to the hybridization mixture. The probe was labeled with biotin, which was detected with 
green FITC-avidin (fluorescein isothiocyanate avidin). All of the DNA in the chromosomes was stained with 
the blue fluorescent dye DAPI (4,6-diam!dino-2-phenylindole). 

Figure 1A is a binary image of the DAPI stain in the human metaphase spread obtained by using a TV cam- 
era attached to a fluorescence microscope. Filters appropriate for DAPI visualization were used. Computer 
processing of the image shows all portions above a chosen threshold intensity as white, and the rest as 
black. 

Figure 1B is a binary image of the FITC staining of the same human metaphase spread as in Figure 1A 
The image was processed as in Figure 1 A but the filter was changed in the microscope such that the FITC 
attached to the probe is visible rather than the DAPI. 

Figure 1C is a binary image of the chromosome 21 s alone. nonspeciRcally stained objects (which are smal- 
ter) having been removed by standard image processing techniques on the binaiy image of Figure 18 
Figure 2A is a color photograph of the DAPI stain in a human metaphase spread which was prepared and 
hybridized contemporaneously with the spread shown in the computer generated binaiy images of Rgures 
1 A, B and C. 

Figure 2B is a colorphotograph of the fluorescein attached to the DNA probe in the same human metaphase 
spread as shown in Figure 2A. It was obtained by changing the flltere in the fluorescence microscope to 
excite fluorescein rather than DAPI. The photograph is comparable to the binary image of Figure 1 B 
Figure 3 IS a photograph of a human metaphase spread prepared and hybridized contemporaneously with 
ttie spreads shown in Figures 1 A. B and C and 2A and B. The procedures used were the same except that 
PI (propidium iodide) instead of DAPI. was used to stain all the chromosomes. Both PI and fluorescein 
stains can be viewed with the same microscope filters. Color film was used such that the propidium iodide 
counterstain appeare red and the fluorescein of the probe appeais yellow on the color film. 
Figure 4A shows the hybridization of the chromosome 4-specific library in Bluescribe plasmids (the library 
pBS-4) to a human metaphase spread wherein no unlabeled human genomic DNA was used, and wherein 
the hybndeation mixture was applied immediately after denahiration. Both copies of chromosome 4 are 
seen as slightly brighter than the other chromosomes. The small arrows indicate regions that are unstained 
with the probe. As in Figure 3 and as in the rest of the Figures below. PI is the counterstain and fluorescein 
is used to label the probe. 

Figure 4B shows the hybridization of pBS-4 to a human metaphase spread wherein unlabeled human 
^^^"^ "^^'^ ''"""3 *® hybridization (Q = 2 of genomic DNA : the meaning of Q is explained 

^). Quantitative image analysis shows that the intensity per unit length of the chomosome 4s is about 
20X that of the other chromosomes. The chromosome 4s are yellow ; the other chromosomes are red due 
to the propidium iodide counterstain. Two layers of avidin-fluorescein isothiocyanate have been used to 
make the target chromosomes sufficiently bright to be measured accurately. However, the number 4 
chromosomes can be recognized easily after a single layer is applied. 

Figure 4C shows the same spread as in Figure 4B but through a filter that passes only the fluorescein iso- 
thiocyanate fluorescence. 

F^ure 4D shows the detection of a radiation-induced translocahon (arrows) invohnng chromosome 4s in 
a human metaphase spread wherein pBS-4 specific libraries are used. The contrast ratio is about SX. 
Figure 4E shows that nonnal and two derivative chromosomes resulting from a translocation between 
chramosome4 and 1 1 (in cell line RS4 ; 11) can be detected by the compositions and methods of this inven- 
tion in interphase nudei. They appear as three distinct domains. 

Figure 4F shows the hybridization of the chromosome 21-specific library in Bluescribe plasmids (the library 
pBS-21) to a metaphase spread of a trisomy 21 cell line. A small amount of hybridization is visible near 
flie centromeres of the ottier acrocentric chromosomes. 



EP 0 430 402 A2 



10 



IS 



20 



25 



30 



35 



40 



45 



50 



SB 



P,u.4Gshowsthesa.ehyb.diza«onasinFigure4Fbutv.t.-.nterp.asen.^^^^ 

Saselp^ad. Th'e nu.ber4 containing a 580 kb .sert 

both «.d CML metaphase and '■"f^''^' „ „„ „„ d,„moaon» 22. the ABL aere of 

^ ^ r":^AS^«nrpS^?«a°x^.ao«».«so*^ 

Chromosome 9. and the BCR-ABL tusion 9ene o hybridization patterns expec- 

tionsofCMLbreakpo.ntsandtheirrelat.ontotheprobes(32)Tte^^ 

tedfor thec^hu-ABLand PEM12 ^^ot^^-J^^^t f^sS^n letpha^e spreads and interphase nuclei. 
Figure 9 shows fluorescence in-s.tu hybridization f '^"l"" ""^^^^^^ jL^eads The ABL signal (A) is 
Panels A and B show ABL and BCR hybrid^ation to K^^^^^^^ centromere of 22q. 

localized to the telomeric portion of S'J.^:.^ ^^LSc rfj^^^ of Philadelphia chromosome in a case 
Panel C shows that abl staining .s loca .zed ^^^^^^^^JJ is interstitial on the derivative 22 

of CML with 46)CY. t (9 : 22) (q34 ; q1 1). Pane D/j^^^VJcML^^^^^ ins (22 : 9)(q1 1 ; q34). Panel 
chromosome arising from an insertional ^^!f"^^^^^^ if the Interphase nucleus. 

EillustratesthattheKSeacelllinepresents^^^^^^ 

fpSrrSa^^Ss^e r^rdrmre'SStVS^e shoLg ^sion gene ampr.ca«on loc^^ed to a 

^grrures-nuorescence in-situ ^y^j"^^^ 
(green) probes visualized simultaneousi^^^^^^^ 

the red-green (yellow) J^V^ra BcS^ o" chromosomes 22 and 9. 

and green hybridization signals to the "^^ ^ ^^^^^3^^^^^^^^ of structural aberrations. The design 
Figure 1 1 illustrates some ^pUized for detection of genetic abnomtalities in 

of the binding pattern, colors ^'^j;; ^^'/^^^^^^^ 

metaphase and/or interphase cells. D'^^^"* P^"^^^^^^^^^ detection of some abnomialities. The exam- 

rr::rt:rrno=^^^ p-- - - — ^ 

the detection of multiple abnormalities in ^•^^.®^';:*^!^";„ g^^g^own with probe bound to boft 
in the drawings of Figure 1 1 . the me aphase chromosom^^ 

The interphase nudei are picuired t^^^^^^^^^^ 

chromosome to which the probe binds . thus *ere b onj, chromosome the signal is indicated as either a 

When the probe binding ^ 

black or white circle. Such a ^«P/«^^";^1'°^^^^^ than two distinguishable characteristics 

uishable cha.«,cteristi« of the^^^^^^ t^^ms than those illustrated. 

-rsT^^S^resents^euse^^^^^^ 

used to detect a translocation that ocaiis ^""^^^^ri^^.^^ _ translocation, in this case that which 
Figure 12showsuseofsuchastainf«rch«j^^^^^^^^^^ 

s^r„s;u?."ati^^^^^^^^^ 

difficult in many nuclei. ^^^.noH w^nion of the chromosome shown in a) to that in 

I In fKa AVrhAnOe. 



other genomic region may be invoWed in the exchange. 
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ptesofSecSooVlllofOiems appllcaHon "°"-'*°"'^""'«l»*"'is»ialiise<(inil»exam- 

by ».e nore MmpL s<al*7w!l.r,^ a^.«^J r^"^"' W*"™""" supplied 
re»,«ton.*a„'appa«„.SS:.r™rSrset:r'"''*''~='''-"'«'"='" 

from a CML cell that has been stained wi^ a^^rwhrbinSL 3,l^n„?^^^^ '^^'^ °' '"'^ ''^ 

r^/ons appear yellow. The rest of the DNA has beersSned w^^^^^^^^^ ^' 

Pidium iodide. The entirely yellow chromo^nmrfc? fBd-fluorescing chemical stain pro- 

chronK3some22isthePhL'Sj;aZ^^^^^ 

to the right of the Philadelphia chror^me fe^e abn^^^^ Part red chromosome. Below and 

chromosome 22 (yellow) attached ThTnh^l ^ I^ T ^^^^^^ome 9 (red) with the distal part of 
in parte) of the previous fig™ "^'^''""^ represented 

DETAILED DES CRIPTION OF THE INVENTION 

whicir^rargrerm^or^^^^^^^^^ 

chromosomes, including patterns which Send riT^n^ or more regions on one or more 

fecflitatethemic«)scopiLnd/orflow<^?oSSn^^^^ The staining reagents of this invention 

for the characterization of the genetic nXroJntrt!^!? ^ ^"'^ ^"^"^"^ chromosomes and provide 
tem, -Chromosome-specific- il heSe^^^^^^^ 

that is, when the staining composition isl^Jected to onTSrom "P^"'"'"" ^"^ '^^S'"" ^P^o'f'^". 

Chromosome-specific when it?s dir^^ed for l^aml t^^^^^^^ <='"°'"°«°'^«-specific. but it is also 

region of only one chromosome, orto regionsrjTs^ L eSe '""'"'''^ chromosomes, or to a 

nated from the use of recombinant DNA liSi^Sl h ? chromosome-specific origi- 

as the source material for the inZafpTs o"^is f^^^^^^^^^^ '^^^-^o- typ'e 

more chromosomes are sources of DNAf7rLhJJ!rfK ™® ""^"^ ^«9io"s of one or 

produced from such source m«f J L" ''^9'°" 'esfons of the genome. The orobes 

Phrase "chromosome-specific- pr^bLs tS te^^^^^^ Zt7 T the header 
•chromosome-specific-. '^'^^^ ^^^"'^"^ interchangeably used herein with the term 

hybridize to a genome as part of a sta Z rSZ^^^ 'IT"'^ °' '° ^''h ^'^''^h it will 

chromosome results in a -chromosomZSSwS^^^ 
DNALibraries.-ConstructionandAvailat^Ko^^^^^^ 

sequences that are shared with other chrom roomes Surhlh l ' ! ^ ^'^ However, such a library contains 
the chromosome from which they wereT^S^^SSr nvhri^ T ^^""^"^^ chromosome-specific to 

the chromosome of origin. A siuenceT-^^l J ^ P™Pert.es since they wfll bind to more than 

genome. Such sequenis inSe TncLln^T ^^'^^^^^ "'"^^^ *° <^«s«r«l Portion of a 
which the copies ^e coninS'Je^:^::::^^^^^^ ^ -Pe««ve sequence:, in 

.eicacrs~r;":;r^^^^^^^^^ 

between the target and non-taraetch^^Si^SmliLff • T "* *=f"°"»some^pecific if useful contrast 
visualized). arget chromosomal matenal isachieved (thatls. thatthe target can be adequately 

bedtt^r:.'Th^"Xti:^^^^^^^^^^^ 

probe is produced from some sourS ofTJSc aS sel«nl! r "^^^ The 

.ect.„ofp.ymerasechainreac«o„(PC.?:rSr^^^^^^^ 
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wav for example by removal of repetitive sequences or blocking them with unlabeled nucleic acid wrth corn- 
Sen^ Xenc^so that hybrid-nation with the resulting probe produces staining of ^^-^^^^l^^ 
SeW^^is the v«srd probe may be used herein to refer not only to the detectable nucleic acid, but also 
S!h^r^Wenudelcac?dintheforminwhichitisappliedtothetarget.f^ 

S^Sf et???e bSng nucleic acid may also be mentioned separately. What -probe" refers to specrfically 

should be dear from the context in which the word is used. 

^^enSS>^mo« nudeicacid probes of this invention arem- 
when hybridized to a target according to the methods of this invention, produces a seining ^ 
jJ^Son of the staining patterns individually produced by the component probes 

Cbe- and "pmbes" (that is. the singular and plural fomis) can be used Interchangeably ««thin the context of 
a Staining pa4m produced. For example, if one probe of this invention produces a dot on chromosome 9. and 
ano^er prSrpTJSuces a band on chromosome 11. together the two probes form a pn,be whid, produces a 

'°Te^^"^abS"is her^n used to indicate that there is some method to visualize the bound probe 
whefterHotL probe directly cames some modified constituent. Section 111 Ijjfra descnbes vanous means 
of directly labeling the probe and other labeling means by which the bound probe can be detected. 

The te^ -^ta^^S- or -painting" are herein defined to mean hybridizing a probe of this invenbon to a 
genome ^^gment thereof, such that the probe reliably binds to the targeted '^^^mosoma matena^ ^ere^^ 
anS^ bSind probe is capable of being visualized. The tem^s "staining" or "painting" are used interchangeably. 
?St?att«I^sreSgfrom^ 

S^^^C^^tranaS? staining paSerns facilitate the microscopic and/or flow <^ometric iden^^^f 
noS^nd abnom4l chromosomes and the characterteation of the genetic nature of ^^^^^^^^'^^^ 
Son III infta describes methods of rendering the probe visible. Since multiple compatible -"^^ods ^f probe 
SsSaSa oTTro available, the binding patterns of different components of the probe <=^" ^e <J.sbnguished^^ 
eSmole by color Thus, this invention is capable of producing any desired staining pattern on the chromo- 
S^s SsualSS with o^e or more colors (a multicolor staining pattern) and/or other Indicator methods. The 
Z ISS^s died herein does not Indude the concept of steining chromosomes wtth che^^te a^^^^ 
S^entlonal karotyping methods although such conventional stains may be used 

invention to allow visualization of those parts of the genome where the probe does not bind. The use of 
DAPI and propidium iodide for such a purpose is illustrated in the figures. . • „ „„ 

The phrase "high complexity" is defined herein to mean that the probe, thereby modrfied contains on the 
order of 50.000 (50 kb) or greater, up to many millions or several billions, of bases 

whid. are not repeated in the probe. For example, representative high complexity nudeic acid Pfobes of Oiis 
:vLttion«nh"v':acomplexi^greaterthan 50 kb. greats 

200 kW areaterthan 500.000 bases (500 kb), greater than one million bases (1 Mb), greater than 2 Mb. greater 
Zi?MrgTeater than 100 Mb. greater than 500 Mb. greater than 1 billion bases and still further greater 

^^hJt^^-^m^SJi'^sd 

by Britten et al.. Methods of Enzymol. . 29 : 363 (1 974). See also Cantor and Schimrnel. B-ophYSK^'^f,'";!^- 
^ . TH. R; h^inr nf Biolooical M a^omolecules. at 1228-1230 (Freeman and Co. 1980) for further expla- 
nation and exemplification of nudeic add complexity. „,-^»i„„W 
The complexfty preferred for a probe composition of this invention is dependent upo,^ the appl'<^^n fo 
which it is designS. In general, the larger the target area, the more complex is the probe. It is anticipated that 
Te «,mp1iVof a probe needed to produce a desired pattern of landmarks on a ohrymosome will decrease 
as h^bTdization sensitivity increases, as progress is made in hybridizatton technology As the sensitivity 
increases, the reliability of the signal from smaller target sites will increase. Therefore whereas from about a 
To kb to about a 100 kb target sequence may be presently necessary to provide a reliable, easily detectabte 
stanal smaller target sequences should provide reliable signals in the future. Therefore, as hybndaahon sen- 
Xt-' l^ies. a probe of a certain complexity, for example. 100 kb. should enable the user to detect con- 
sSerably more kici in a genome than are presently reliably detected ; tfius. more informabon ^\ be obtamed 
with a probe of the same complexity. The tem. "complexily- therefore '^^^^^^^^^'^^'^^^^ 
no matter how many visually distinct lod are to be detected, that is. regardless of the distnbuton of the target 

*'**/^'irdStedato!^e.withcurrenthybridizationte^ 

signal with a probe of about 40 kb to about 1 00 kb (eg. the probe insert capadty of one or a few c^midj 
temeted to a «)mpact point in the genome. Thus, for example, a complexity In the range of approximately 100 
kb now permits hybridization to both sides of a tumor-spedfic franslocatfon. The portion of the prot>e faceted 
to one side of the brealcpehrtWeSTaBSteth^^ from that targeted to the other side of the breakpoint 
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SO that the two sides can be difTerentiated with different colors, for example. Proportionately increasing the com- 
plexity of the probe permits analysis of multiple compact regions of the genome simultaneously. The conven- 
tional banding pattems produced by chemical stains may be replaced according to this invention with a series 
of probe-based, color coded (for example), reference points along each chromosome or significant regions 
thereof. 

Unifonm staining of an extended contiguous region of a genome, for example, a whole chromosome, 
requires a probe complexity proportional to but substantially less than, the complexity of the target region. The 
complexity required is onty that necessary to provide a reliable, substantially unifonn signal on the target Sec- 
tion V.B, infra, demonstrates that fluorescent staining of human chromosome 21, which contains about 50 
megabases (Mb) of DMA. is sufficient with a probe complexity of about 1 Mb. Figure 4H niustrates hybridization 
of about 400 kb of probe to human chromosome 4, which contains about 200 Mb of DNA. In that case, gaps 
between the hybridization of individual elements of the probe are visible. Figures 4B and 4F demonstrate the 
results achieved with probes made up of entire libraries for chromosomes 4 and 21. respectively. The chromo- 
somes are stained much more densety as shown in Figures 4B and 4F than with the lower complexity probe 
compnsing single-copy nucleic acid sequences used to produce the pattern of Figure 4H. 

Increasing the complexity beyond the minimum required for adequate staining is not detrimental as long 
^ the total nucleic acid concentration in the probe remains below the point where hybridization is impaired 
The decrease tn concentration of a portion of a sequence in the probe is compensated for by the increase in 
the number of target sites. In fact, when using double-stranded probes, it is preferred to maintain a relatively 
low concentration of each portion of sequence to inhibit reassociation before said portion of sequence can find 
a binding site in the target 

The staining pattems of this invention comprise one or more "bands". The term "band" is herein defined 
as a reference point in a genome which comprises a target nucleic acid sequence bound to a probe component 
which duplex IS detectable by some indicator means, and which at its narrowest dimension provides for a reli^ 
able signal under the conditions and protocols of the hybridization and the instrumentation, among other vari- 
ables, used. A band can extend from the narrow dimension of a sequence providing a reliable signal to a whole 
Chromosome to multiple regions on a number of chromosomes. 

The probe-produced bands of this invention are to be distinguished from bands produced by chemical stain- 
ing as indicated above in the Background. The probe-produced bands of this invention are based upon nucleic 
acid sequence whereas the bands produced by chemical staining depend on natural characteristics of the 
chromosomes but not the actual nucleic acid sequence. Further, the banding pattems produced by chemical 
staining are only interpretable in terms of metaphase chromosomes whereas the probe-produced bands of this 
invention are useful both for metaphase and interphase chromosomes. 

One method of fonning the probes of the present invention is to pool many different low complexity probes 
Such a probe would then comprise a "heterogeneous mixture" of individual cloned sequences. The number of 
clones required depends on the extent of the target area and the capacity of the cloning vector. If the target is 
made up of several discrete, compact loci, that is. single spots at the limit of microscopic resolution, then about 
40 kb. more preferably 100 kb. for each spot gives a reliable signal given cun-ent techniques. The portion of 
tVr^l ^^^^ ""^ «^3'^P'e. a single insert from a yeast artificial chromosome 

-i i;?"? ^^"^ containing 35^0 kb or probe sequence, or from about 25 plasmids each 

with 4 kb of sequence. 

Representative heterogeneous mixtures of clones exemplified herein include phage (Figures 1 2 and 3) 
and plasmids (Figure 4). Yeast artificial chromosomes (YACS) (Figure 5). and a single human chromosome in 
an inter-species hybrid cell (Figure 6) are examples of high complexity probes for single loci and an entire 
45 chromosome that can be propagated as a single clone. 

A base sequence at any point in the genome can be classified as either "single-copy" or "repetitive" For 
pracbcal purposes the sequence needs to be long enough so that a complementary probe sequence can forni 
a stable hybnd with the target sequence under the hybridization conditions being used. Such a length is typically 
in the range of several tens to hundreds of nucleotides. 

A "single-copy sequence" is that wherein onty one copy of the target nucleic add sequence is present in 
the haploid genome. "Single-copy sequences" are also known in the ait as "unique sequences". A "repetitive 
sequence" is that wherein there are more than one copy of the same target nucleic add sequence in the 
genome. Each copy of a repetitive sequence need not be identical to aU the others. The important feature is 
that the sequence be sufRdentiy similar to the other members of the famUy of repetitive sequences such that 
under the hybridization conditions being used, the same fragment of probe nudek: add is capable of forming 
stable hybnds with each copy. A "shared repetitive sequence" is a sequence with some copies in the taraet 
region of the genome, and some elsewhere. 

When the adjectives "single-copy", "repetitive", "shared repetitive", among other such modifiere, are used 
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to describesequences in me probe, they referto the typeof sequence in the targetto^^^^ 
will bS Thus, -a repetitive probe" is one that binds to a repetitive sequence .n the target . and a s.ngleK:opy 

two to hC^s of thrinds. wherein the Alu family of repetith^e DNA are exemplary of the latter numerous 
J^Si^^Se copies of a repeat may be clustered or interspersed throughout the genome. Repeats may be du^ 
;TdTnoneorLelocatiLinthegenome.forexample.repetitives^^^^^ 

of^ach chromosome, and variable number tandem repeats (VNTRs) [Nakamura et al. Saence ^ .1616 
M 987^? or ftTr^pTate may be distributed over a single chromosome [for example, repeats found only on the 
fcSn;<i>teTdSd by Bardoni et al.. Cytogenet Cell Genet . 46 : 575 (1987)] ; or the repeats may 
be distributed over all the chromosomes, for example, the Alu family of repetitive 

Herein the temis repetitive sequences, repeated sequences and repeats are used .nterchangeabj^^ 

repetith/e sequences can be clustered or interspersed. Clustered repetitive sequences mdude ten- 
demrS^teSraresS named because they arecontiguousonthe 

of rSro^ome. Clustered repeats are associated with well-defined regions of one or more chrom<»omes 
e^ . me Z^,meric region. If one ormore dustered repeatsfom, a stable fraction "^romosom^^^^^ are 
shar^ with one or more non-target regions of the genome and are consequently removed from the 
heS^en^usmixtureoffragm 

oerfert un^ity of staining of the target region may not be possible. That situation .s comprehended by the 
S^ofthe S "substantially unifom." in reference to the binding of the heterogeneous mixture of labeled nuc- 

'^"^ ;t^,S^m?speSr^^^^^^ of the current invention is accomplished by using nudeic acid fragnjents 
that hybrSS to sequences specific to the target These sequences may be either single-copy or repetitive^ 
llrein me copies of the repeat occur predominantly in the target area. Figure 4H and the results of the work 
^taSnLdLvinfralncficate that probes can be made of single-cop^ 

2Thi oi F^Sr4B. chromosome-specific repeats (Nakamura et al.. and Bardoni et al.. sup^l may 

contribute to the hybridization as well. . , ^ ^ • ^.^k^ 

If nudeic acid fragments complementary to non-target regions of the genome are mduded m the p obe 
for ex^mpte. shared repetitive sequences or non-specific sequences, their hybridfeat.on^pac.ty needs to be 
sufSeXdisabled or meir prevalence sufficiently reduced, so that adequate staining contrast can be obtemed^ 
section V and Figure 4H show examples of hybridization with probes that contain pools of dones .n which each 
done tes been individually selected so tiiat it hybridizes to single-copy sequences or very low copy repetitive 
?eque^4 The "Lain illustrate use of probes that contain fragments that could ^^ave hybr^zed 

to Sigh-copy repetitive sequences, but which have had the hybridization capacrty of such seq"enc«s disabled^ 
The nudeic acid probes of this invention need not be absolutely specific for ttie targeted Porhon of the 
genome ^ are intended to produce "staining contrast". "Contrastf is quantified by the ratio of me stam m- 
fensiS^oime targetregion of the genome to mat of the omer portions of me genome. For example, a DNAIibrary 
prSuced by doning^particular chromosome, such as mose listed in Table I. can be used as a probe capable 
o lTnt?g me entire chromosome. The library contains sequences found only on that <*^|n<«orne. and sequ- 
en^s shied wim omer chromosomes. In a simplified (approximately true to life) model of the human genorne. 
about half of me chromosomal DNA falls into each dass. If hybridization wim me whole library were ca,wble 
Of satuiSng a^l of the binding sites, the target chromosome would be twice as bright ^ ^ 

me omers sLe it would contain signal from me specie and shared sequences m the probe, whereas the omer 
chromosomewouldonlyhavesignal from meshared sequences. Thus, onlyamodestde^easeinhybndiz^^^^^^ 

of the shared sequences in me probe would substantially enhance the contrast <^"tammat.ng sequen^^^ 
whidi only hybridize to non-targeted sequences, for example, impurities in a library, can be tolerated in the 
orobe to me extent mat said sequences do not reduce me staining confrast below useful levels. 

In reality all of the target sites may not be saturated during me hybridization, and many other medianisms 
coniSSe to p«Sucing staining contest but this model illustrates one general consWeration .n using probes 

" '^''Te feq^u^ ^tle^fnron the application for which the probe is deigned. When v.ua^ng 
chromosomes and nudei, etc.. mictoscopically. a contrast ratio of two or greater Boten sufRcientfo^^^^ 
whSTSromosomes. In Figures 4D-F.meconti^st ratio is 3-5. ThesmallermeindM^^^ 
reJon^i^reatermeconLstneedstobetopermit reliable recognition^ 

in staling of me non-targeted regions. When quantifying me amount of target region present m a ceH nudeus 
by fluorescence intensity measurements using flow cytometry orquantitativemtcroscopy.me required conbast 
ratio is onmeorderofi/r or greateronaverage for megenome.whereTis the fraction of me genomec»ntemed 
in the targeted region. When me confrast ratio is equal to m. half of me total fluorescence intensity comes 
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from the target region and haff from the rest of the genome. For example, when using a high complexity probe 

?0 ^r.T'"^ '•h*'"''' °' ^^''"^^ ^ont^s t ratio Is on Ser o^ 

10. ftat ,s. for ttje chromosome 1 fluorescence Intensity to equal that of the rest of the genome 

5 ure 4Ftr;l^^^^^^^ "of" *° ^'^^ "^-'-'^et region of the genome, mty notbe uniform. Fig- 
5 ure 4F shows thata chromosome 21 specific probe contains probe fragments that hybridize weaklv to eomna^t 
regions near the centromeres of other acrocentric human chromosomes. This degree o?LTsp^^^^^^ 
no .nhibrt rts use in the Illustrated applications. For other applications, removal of Ser dfeaWi^^^^^ 
ndizabon capacrty of the probe fragments that bind to these sequences may be nelssl^ 

^0 enci an?/" Som?rS"2^^^^^^ centromeres, for example^ha-satellite sequ- 

t^'c^T^^^^nS^.^f J^ [ ,^ chromosome-specific staining reagents wherein the target Includes 

M l»«naB,™ ol«»Jl,me mSkSb!^ ' dromosones. for example. 0»se condensed 6y 

.eegenSandsBinN^n.jSs^SS™::!''"'""'-'""''^''''^^ 

Of «,?;:Srrr«;To™Sr= ^^^^^ ~a^ngemen« p„,« and n.a,ode 

spaced genes whid, a™1L?J2 Zo;.^SSS ^Tn "^^^^^^ "'^''^ 

Of disease specie U-l^^-^riS^p^rir^r^^^^^^ ^ '™ 

that they a.s visualteable when bound atJZ^TjZ^^^ labeled. d|recll, and/or Indireclly, such 

.d-».lnc«.e.a,...ed»on,.ha.of.hes^LT.r=^'br^^ 
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that does not contain the genetic tearrangement. Further, staining patterns are distinctively different for °ne 
Si o^en^c SSangenint versus another. For example, the staining patterns produced upon hybn^^^on 
of^SSprobes of this invention to chromosomal m 
ir^S^^s distinctively different^^ 

^riailtng SreCR-^ characteristic of CML Thus, the methods and reagents of th,s invention provide 

^"tretnlprorstcl^V^^^^^^ 
• lo •! *rS^ninfl oatterns and rely upon a 1 micron cutoff point for detemiination of the presence of a 

S to detert L presence of a genetic rearrangement. Further, the proximity distance « dependent on the 
^S^X?^pa4tion techniques employed and the sfee of the nuclei th^ln. and a particular cell pre- 
oaiation is relative depending on the distance between signals in nonnal and abnonnal cells. 

The staWng patterns exemplified in the examples of Section VIII are representative of one type of probe 
stratus Many o^er probe strategies can be employed. Figure 11 illustrates some ^^^^'^^.^^r 
SSgfesfoTdetecting genetic rearrangements, the patterns of «hich can be modified and optimized and other- 

tion wmt c^i Z ltJ^P^e. the cJagnosis and study of acute lymphoc^^c lei^en^a (A^^ -y be a*^- 
Zhed by replacing the BCR probe (PEM12) of Section VIII with a probe from the 5' end of the BCR gene 
SlTs of plrttouL interest because thePh' chromosome is the most common cytogenetic abnomnality in that 
disease and the presence of such a chromosome is indicative of a very aggressive neoplasm. 

Te ^ttiods and reagents herein exemplified, particulariy in Section VIII. provide for *e "jeans to d s- 
tinauish STtween cytogenetically similar but genetically different diseases. "Cytogeneticaliy .n that particular 
SxJ r2^ to a sSarity detem^ined by conventional banding analysis. CML and ALL are in that context 
XtnSy simiSS conventional banding analysis can not distinguish them because the breakpoints 

associated with each are so close together in the human genome. 

F^rfter Ws^nvention provides methods and reagents that can be used in a cytogenetic research mode 
forthe Zly of the molecular bases of genetic disease. For example, if an abnonnality in a ^^'^or^s^^^pe 
te noted by conventional banding analysis, the probes and reagents of this invention can be " Jo detert an^ 
genetic rean^ngements in the vicinity of said abnomiality. The underiying molecular basis °^ ^^^^bnormal 
2n be deSmined by the methods and reagents of this Invention, and the resulting differences at the gene ic 
Svel mafbT ndJiL of drfferent treatment plans and prognostically important Jhe undertymg genet^ 
rearrangements may be found to be consistently associated with a set of phenotypic charactenst.cs in a popu- 

'^*^°The following sections provide examples of making and using the staining compositions of *is invention 
and ara for purposes of illustration only and not meant to limit the invention in any way. The following abbreve 

ations are used. 
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Abbreviations 

BN - bicarbonate buffer with NP-40 



DAPI 



4,6-dianudino-2-phenylindoIe 



DCS - as in fluorescein-avidin DCS (a contmerdally available cell 
sorter grade of fluorescein Avidin D) 



AAF - 
EDTA - 
FACS - 
FITC - 
IB 

NP-40 - 

PBS 
PI 

PMSF - 

PN 
buffer 

PNM - 
buffer 

SDS 

SSC 

VNTR - 



N-acetoxy-N-Z-acetyl-aminofluorene 
ethylenediaminetetraacetate 
fluorescence-activated cell sorting 
fluorescein isothiocyanate 
isolation buffer 

non-ionic detergent commercially available from 
Sigma as Nonidet P-40 (St. Louis, MO) 

phosphate-buffered saline 

propidium iodide 

phenylmethylsulfonyl fluoride 

mixture of 0.1 M NaH2P04 and 0.1 M 
Na2HP04, pH 8; 0.1% NP-40 

Pn buffer plus 5% nonfat dry milk (centrifueed)- 
0.02%Naa2ide 

sodium dodecyl sulfate 

0.15 M NaCl/0.015 M Na dtrate, pH 7 

variable number tandem repeat 



so 



I. Methods o f PfBparing Chromosome-Specrftc Staining Reagents 

Isolation of Chromosome-Specific DMA and Formation of DNA Fragment Ubraries 



specie "'^ °f '"^«n«on is Isolating chmmosome- 

specie DNA (which temi includes target-specific and/or region-specific DMA. as indicated above wherein 

S^SZ^Z^, 1!^'"°^'"^ subregion to which the staining composition is directed. *en extracting the 
DNAfirom the isolated chromosome(s)orchromosomalsubregion(s). Here-sufficient quantiy-mea^^^ 
for canying out subsequent steps of the method. Preferably, the extracted DNA is used toci^alJ^SS^^ 2 




EP 0 430 402 A2 

DNA Inserts by doning using standard genetic engineering techniques- 
Preferred cloning vectors include, but are not limited to, yeast artificial chromosomes (YACS), plasmids, 
bacteriophages and cosmids. Prefen-ed plasmids are Bluescribe plasmids ; preferred bacteriophages are 
lambda insertion vectors, more preferably Charon 4A, Charon 21 A, Charon 35, Charon 40 and GEM11 ; and 

5 prefenred cosmids indude Lawrlst 4, Lawrist 5 and sCosI . 

As Indicated above, the DNA can be isolated from any source. Chromosome-specific staining reagents can 
be made from both plant and animal DNA according to the methods of this invention. Important sources of ani- 
mal DNA are mammals, particularly primates or rodents wherein primate sources are more particulariy human 
and monkey, and rodent sources are more particulariy rats or mice, and more particulariy mice, 

10 1. isolating DNA from an Entire Chromosome. A prefen-ed means for isolating particular whole chromo- 

somes (specific chromosome types) is by direct flow sorting [fluorescence-activated cell sorting (FACS)] of 
metaphase chromosomes with or without the use of interspeciflc hybrid cell systems. For some species, every 
chromosome can be isolated by currently available sorting techniques. Most, but not all. human chromosomes 
are currently isolatable by flow sorting from human cells, Canrano et ak, "Measurement and Purification of 

15 Human Chromosomes by Flow Cytometry and Sorting," Proc. Natl. Acad. ScL . Vol. 76, pp. 1382-1 384 (1979). 
Thus, for isolation of some human chromosomes, use of the human/rodent hybrid cell system may be neces- 
sary, see Kao, "Somatic Cell Genetics and Gene Mapping," IntemationalReview of Cytology. , Vol. 85. pp. 109- 
146 (1983), for a review, and Gusella et aL. "Isolation and Localization of DNA Segments from Specific Human 
Chromosomes," Proc. Natl. Acad. Sd. , Vol. 77, pp. 2829-2833 (1980). Chromosome sorting can be done by 

20 commercially available fluorescence-activated sorting machines, e.g., Becton Dickinson FACS-II. Coulter Epics 
V sorter, or special purpose sorters optimized for chromosome sorting or like instrument 

DNA is extracted from the isolated chromosomes by standard techniques, e.g., Marmur, "A Procedure for 
the Isolation of Deoxyribonucleic Acid from Micro-Organisms," J. Mol. BioL , Vol. 3, pp. 208-21 8 (1961) ; or Mani- 
atis et aL. Molecular Cloning : A Laboratory Manual (Cold Spring Harbor Laboratory, 1 982) pp. 280-281 . These 

25 references are Incorporated by reference for their descriptions of DNA isolatton techniques. 

Generation of insert libraries from the isolated chromosome-specific DNA is carried out using standard 
genetic engineering techniques, e.g., Davies etal., "Cloning of a Representative Genomic Library of the Human 
X Chromosome After Sorting by Flow Cytometry," Nature, Vol. 293, pp. 374-376 (1981) ; Krumlauf et aL. "Con- 
stnjctton and Characterization of Genomic Libraries from Specific Human Chromosomes," Proc. Natl. Acad. 

30 Sci„ Vol. 79. pp. 2971-2975 (1982) ; Lawn et al., "The Isolation and Characterization of Linked Delta-and-Be- 
ta<3lobin Genes from a Cloned Library of Human DNA. " Cell , Vol. 1 5, pp. 1 1 57-1 1 74 (1 978) ; and Maniatis et 
aL, " Molecular Cloning : A Laboratory Manual ," (Cold Springs Harbor Laboratory. 1982), pp. 256-308 ; Van Dilla 
etal., id ; Fuscoe, Gene. 52 : 291 (1987) ; and Fuscoe etal., Cytogenet Cell Genet . 43 : 79 (1986). Said refer- 
ences are herein incorporated by reference. 

35 Recombinant DNA libraries for each of the human chromosomes have been constructed by the National 

Laboratory Gene Library Project and are available from the American Type Culture Collection. [Van Dilla et aL, 
Biotechnology, 4 : 537 (1986).] Small insert-containing libraries were constructed by complete digestion of flow 
sorted human chromosome genomic DNA with Hindlll or EcoRI and cloning into the Lambda insertion vector 
Charon 21 A. The vector is capable of accepting human Inserts of up to 9.1' kb in size. Thus, Hind lll (or EcoRI) 

40 restriction fragments greater than 9.1 ' kb will not be recovered from these libraries. The observed average insert 
size in these libraries is approximately 4 kb. A representative list of the Hind lll chromosome-specific libraries 
with their ATCC accession numbers are shown in Table 1. 
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TABLE 1 

HUMAN CHROMOSOME - SPECIFIC GENOMIC LIBRARIES 
IN CHARON 21A VECTOR 
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3MOSOME 


ATCC# 


LIBRARY 


1 


57753 


LLOlNSOl 


1 


57754 


LL01NS02 


2 


57744 


LL02NS01 


3 


57751 


LL03NS01 


4 


57700 


LL04NS01 


4 


57745 


LL04NS02 


5 


57746 


LL05NS01 


6 


57701 


LL06NS01 


7 


57755 


LL07NS01 


8 


57702 


LL08NS02 


9 


57703 


LL09NS01 


10 


57736 


LLlONSOl 


11 


57704 


LLllNSOl 


12 


57756 


LL12NS01 


13 


57705 


LL13NS01 


13 


57757 


LL13NS02 


14 


57706 


LL14NS01 


14/15 


57707 


LL99NS01 


15 


57737 


LL15NS01 


16 


57758 


LL16NS03 


17 


57759 


LL17NS02 


18 


57710 


LL18NS01 


19 


57711 


LL19NS01 


20 


57712 


LL20NS01 


21 


57713 


LL21NS02 


22 


57714 


LL22NS01 


X 


57747 


LLOXNSOl 


Y 


57715 


LLOYNSOl 



Alternatively, the extracted DMA from a sorted chromosome type can be amplified by the polymerase chain 
reaction (PCR) rather than cloning the extracted DNA in a vector or propagating It in a cell line. Appropriate 
tails are added to the extracted DNA in preparation for PCR. References forsuch PCR procedures are set out 
in Section I.B infra. 

Other possible methods of isolating the desired sequences from hybrid cells Include those of 
Schmeckpeper et al., "Partial Purification and Characterization of DNA from Human X Chromosome " Proc 
Natl. Acad. Sci.. Vol. 76, pp. 6525^528 (1 979) ; or Olsen et ai.. supra (in Background) . Accordingly, these refe^^ 
ences are incorporated by reference. 
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2 Isolating DNA from a Portion of a Chromosome. Among the methods that can be used for isolating re- 
gion-specific chromosomal DNA include the selection of an appropriate chromosomal region from DMA that 
has previously been mapped, for example, from a library of mapped cosmids ; the sorting of derivative chmmo- 
somes. for example, by FACS ; the microdissection of selected chromosomai material ; subtractive hybndt- 
zation ' identification of an appropriate hybrid cell containing a desired chromosomal fragment extracting and 
amplifying the DNA. and selecting the desired amplified DNA ; and the selection of appropriate chromosomal 
material from radiation hybrids. The standard genetic engineering techniques outlined above in subsection iJ^-l 
Sire used in such procedures well-known to those in the art. Amplification of the region-specific DNA can be 
performed by doning in an appropriate vector, propagating in an appropriate cell line, and/or by the use of PCR 

(see I.B infia). ^ 

A preferred method of Isolating chromosomal region-specific DNA is to use mapped short DNA sequences 
to probe a library of longer DNA sequences, wherein the latter library has usually been cloned in a different 
vector. For example, a probe cloned in a plasmid can be used to probe a cosmid or yeast artificial chromosome 
(YAC) library. By using an initial seed probe, overiapping clones in the larger Insert library can be found (a prt>- 
cess called 'walking-), and a higher complexity probe can be produced for reliable staining of the chromosomal 
region surrounding the seed probe. Ultimately, when an entire genome for a species has been mapped (for 
example, by the Human Genome Project for the human species), ordered clones for the entire genome of the 
species will be avaflable. One can then easily select the appropriate clones to fonn a probe of the desired speci- 

*'°''^Another method of Isolating DNA ft-om a chromosomal region or regions (or also a whole chromosome) is 
to propagate such a chromosomal region or regions in an appropriate cell line (for example, a hybrid cell line 
such as a humanAiamster hybrid cell), extract the DNA from the cell line and clone It in an appropriate vector 
and select clones containing human DNA to form a library. When a hybrid cell is used, the chromosomes m 
the hybrid cell containing the human chromosomal material may be separated by flow sorting (FACS) prior to 
Cloning to increase the frequency of human clones in the library. Still further, total DNA from the hybrid cell 
can be Isolated and labeled without further cloning and used as a probe, as exemplified in Figure 6. 

3 Single-Stranded Probes. In some cases, it is preferable that the nudeic add fragments of the 
heterogeneous mixture consist of single-stranded RNA or DNA. Under some conditions, the binding effidency 
of single^tranded nudeic acid probes has been found to be higher during in situ hybridization, e.g.. Cox et al.. 
•Detection of mRNAs in Sea Urchin Embryos by In Situ Hybridization Using Asymmetric RNA Probes.' Develop- 
mental Btology, Vol. 101, pp. 485-502 (1984). 

Standard methods are used to generate RNA fragments firam Isolated DNA fragments. For example, a 
method developed by Green et al.. described in CeH. Vol. 32. pp. 681-694 (1983). is commerdaly available 
from Promega Biotec (Madison. Wl) under the tradename "Riboprobe.' Other transcription kits suitable for use 
with the present invenUon are available from United States Biochemical Corporation (Cleveland. OH) under 
the tradename "Genescribe." Single-sfranded DNA probes can be produced with the single-stranded bac- 
teriophage M13, also available in kitfonn. e.g. Bethesda Research Labora- tones (Gaithersburg. MD).The hyb- 
ridizations illustrated in Figure 4 were performed with the libraries of Table 1 subdoned into the Bluescribe 
plasmid vector (Stratagene. La Jolla. CA). The Bluescribe plasmid contains RNA promoters which pennit pro- 
duction of single-stranded probes. 

Section IX infra provides methods for preparing and applying non-self-complementary single-stranded 
nudeic add probes that improve signal-to-noise ratios attainable in in situ hybridization by reducing non-specific 
and mismatched binding of the probe. That section further provides for methods of denaturing double-stranded 
target nudefc add which minimizes single-stranded regions available for hybridization that are non- 
complementary to probe sequences. Briefly, probe is constmcted by treating DNA with a restriction enzyme 
and an exonudease to fonn template/primers for a DNA polymerase. The digested strand is resyntheslzed in 
the presence of labeled nudeoside triphosphate precursor, and the labeled single-sfranded fragments are 
separated from tiie resynthesized fragments to forni the probe. The target nudeic add is freated with the same 
resfrictlon enzyme used to constirud the probe, and is freated with an exonudease before application of the 
probe. 

I.B.PCR 

Another method of producing probes of this invention indudes the use of the polymerase chain reaction 
pCR]. [For an explanation of the mechanics of PCR. see SaikI et al.. Sdence. 230 : 1350 (1985) and U.S. 
Patent Nos. 4,683,195. 4,683,202 (both issued July 28. 1987) and 4.800.159 (Issued January 24. 1989).] Tar- 
get-specific nucleic add sequences, isolated as indicated above, can be amplified by PCR to produce target- 
specific sequences which are reduced in or free of repetitive sequences. The PCR primers used for such a 
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procedure are for the ends of the repetitive sequences, resulting in amplification of sequences flanked by the 
repeats. 

Figure 7 Blustrates such a method of using PCR wherein the representative repetitive sequence is AIu, If 
only short segments are amplified, it is probable that such sequences are free of other repeats, thus providing 
ONA reduced in repetitive sequences. 

One can further suppress production of repetitive sequences in such a PCR procedure by first hybridizing 
complementary sequences to said repetitive sequence wherein said complementary sequences have extended 
non-complementary flanking ends or are temiinated in nucleotides which do not pennit extension by the 
polymerase. The non-complementary ends of the blocking sequences prevent the blocking sequences from 
acting as a PCR primer during the PCR process. 

II. Removal of Repetifave Sequences and/or Disabling the Hybridization Capacity of Repetitive Sequences 

TyPicallyaprobeofthecurrentinventionisproducedinanumberofstepsinduding :obtainingsourcenuc- 
le.c acd sequences that are complementaiy to the target region of the genome, labeling and otherwise pro- 
cessing them so that they will hybridize efficiently to the target and can be detected after they bind, and treatinq 
them to either disable the hybridization capacity or remove a sufficient proportion of shared repetitive sequ- 
ences, or both disable and remove such sequences. The order of these steps depends on the specific proced- 
ures employed. 

The following methods can be used to remove shared repetitive sequences and/or disable the hybridization 
capaoly of su«^ shared repetitive sequences. Such mettiods are representative and are expressed schemati- 
cally m terms of procedures well known to those of ordinary skill Oie art. and which can be modified and extended 
according to parameters and procedures well known to those in the art 

1 . Singte-copy probes. A single-copy probe consists of nucleic acid fragments tiiat are complementary to 
smgle-copy sequences contained in the target region of the genome. One method of constructing such a probe 
IS to start with a DNA library produced by cloning the target region. Some of the clones in the library wiH conSn 
an^nn^'T. r ^""^T ^'"^^^^^ • ^'^^^^^ ^'^^'^ repetitive sequences : and still others will have 
LifJ"- ^"""i '^"^^^ ^eq^ences. Selection, on a clone by done basis, and pooling of those 

dones containing only smgle-copy sequences will result in a probe that will hybridize specifically to the target 
region. The singl^copy nature of a clone can ultimately be established by Southern hybridization using stan- 
dart^echniques. Figure 4H shows hybridization with 120 dones selected in this way from a chromosome 4 

Southern analysis is very time consuming and labor intensive. Therefore, less perfect but more efficient 
sc^eningmethodsforobtaining candidate single-copy dones are use 

methods are provided for screening individual phage and plasmid dones for the presence of repetitive DfMA 

to"/^'^Tr '^"r° T'^ '"^""'"^ '^'^ ^'^^'^^ approximately 

80 /o of selected dones contain only single-copy sequences ; the remainder contain low-copy repeats How- 
ever, probes produced in this way can produce adequate staining contrast, indicating that the low-copy repeti- 
tive sequences can be tolerated in the probe (see subsection 3 of tiiis section) 

A disadvantage of clone by done procedures is thata done is discarded even if only a portion of ttie sequ- 
ence It contains IS repetitive. The larger tt,e length of the doned nucleic acid, the greater the chance that it will 

^e^\l^ ' ?• ' ?" ^ 'y'"' -"^y advantageous to subdone it fn smaller 

^r^l single-copy selection is perfonned. The selection procedures just outilned above do not dis- 

cnminate between shared and specific repetitive sequences : dones with detectable repetitive sequences of 
eittier type are not used in the probe. ocHuci.t,e5 or 

^^^^niTT^^''V'\^f^'^^" pmperties, The hybridization specificity of a piece of nudeic acid, for 
to^Z L!.? • '^^^^ '^yb"'d'"^«°"- fender appropriate hybridization conditions it binds 

to single-copy or repetitive sequences specific for tiie desired target region, it can be included in the probe 
Many sequences wrth specific hybridization characteristics are already known, such as chromosome-sp^cmc 
repetitive sequences [Trask et al.. supra. (1988) and references Uierein], VNTRs. numerous mapped single 
copy sequences. More are continuously being mapped. Such sequences can be induded in a probe of ^is 

3 Bulk Procedures. In many genomes, such as the human genome, a major portion of shared repetitive 
DNA ,s coijteined in afewfemflies of highly repeated sequencessuch as AIU. aU^^ 
i ^'t'^J!^^^ sequences will produce useful staining contrast in many applications. Such a probe 
can be produced firom some source of nudeic acid sequences, for example, the libraries of Table I. witti rela- 
tively simple bulk procedures. Therefore, such bulk procedures are the preferred metfiods for su^^^^^^^^ 
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h«^to denature the probe and incubated at 37«C for 24 hours prior to appl.cat.on to the sample. 

S ui of WocWn^^^^^ unlabeled nudeic acid sequences which are complementary to those 

^SSe1?e HbVtS bfXthe i^^^^^^^^^^ the hybridization mbcture is applied to the target In some «ses. 

to the^^^ihegenome.Thus. adding genomicD^^tothehybrid^ationrn^^^^ 

1^2'a?d IrS^als^^^^^ chromosome-specific binding . too much is added. Guidelines 

hybrid'za tSn oT^l^py sequences. wh.c h are predominantly the sequences that ^ e .the de^^^^ 
^ «Sninf Thus fractionating the genomic DNA to obtain only the high-copy sequences and using them for block- 
" fnTove^me; "i?d^^^^^^ Such fractionation can be done, for example, with hydroxyapatrte as descr.bed 

nr lecified sequences. The blocking of a particular sequence in the probe can be accomplished by 
adding m an^nlabeled copies o f that sequence. For example. Alu sequences in the probe can be blodced by 
«dd no So^ed Su DNA. Blocking DNA made from a mixture of a few dones containing the h^hest copy sequ- 
" enSn rSu^an gLm^^ can be used effecf^ely with chromosome-specific libraries for exampte^o^ejrf 
"SyJ^matively unlabeled nudeic add sequencesfrom one or more chromo^^^ 
hfu^Tblodc a probe containing labeled sequences firom one or more other chromosom^^^^^ 

?he S^d ?eten«Ssiru Id be bfodced whereas sequences occuning only on the ^a^^^'^'T ^h'^S-:!^^^^^ 
I T^^^r^^^ AP shows that genomic DNA was not effective in completely bloddng the hybndoabon 
" rrirceors^^^^^^^^ andthecentromericreglonsoftheomerh^^^^^^^ 
ohmmosomes When a done or dones containing sudi a sequence or sequences is or are even- 
Sr^SS^uSS oXrodt^^^^ therefrom could be added to the genomic blod^ing DNA to improve 
the Specificity of the staining. 

£ iTdCa,^rs"ngfe - and double-stranded nudeic adds have different binding characteristics to 
hyd^SS?harSSeristics provide a basis commonly used for fractionating nudeic acds Hyd- 
ro^^eTcommeriU available (eg. Bio-Rad Uboratories. Richmond. CA). The fraction of genomic DNA 
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^ ^^9'^^ fr^^ ^he highest copy-number to slngle-coDv can 

418 (1974), which article is herein incorporated by reference ' — 

and IJL^rff ^"'''^ P™'*"^'' °' 3b- above can be separated by hydroxyaoatite 

587(1982). Accordingly, that reference is incorporated by refere nce Briefly minimliu k ' 

DNA is bound to diazonium cellulose or a like sunnnrf thI """""^''y sheared human genomic 

3e. Concept of Q. As mentioned in section 3b.i above it is nece«!<sar« f« 
DNA to achieve the best compromise between inhihifinn t ! ! *° ^'"O""' °' Senomic 

gl«e geneiBl guidelines as » how to JST^T^ ■* ° » 

inc«^st.r„»jrr"jXeieZr :rssr "-^'r" 
.un^nc^^mi^s.o.s^^^;!:?^^^:^,'^^^^^ 

pies described in Section VI B finfta) f. - o Ofifi anH f nn^' -^ ' "26 ^1973)]. Forrepresenlatve exam- 
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and other mammals). Thus, Q = (UG) (mi/mp). 

Now consider a shared sequence that is distributed more-or-less unifomily over the genome, for example, 
AIu The numberof labeled copies is proportional to mp, whereas the number of unlabeled copies is proportional 
to mt. Thus, the ratio of unlabeled to labeled copies is mi/mp=Q/f,. This is true for all unifonmty distributed sequ- 
ences, regardless of copy number. Thus adding genomic DNA Increases the concentration of each specific 
sequence by the factor 1+Q, whereas each uniformly distributed sequence is increased by the larger factor 
1+Q/f,. Thus, the reassociation rates of the shared sequences are increased by a larger factor than those of 
the specific sequences by the addition of genomic DNA. 

It can be shown that roughly half of the beneficial effect of genomic DNA on relative reassociation rates is 
achieved when Q=1 , and, by Q=5. there is essentially no more benefit to be gained by further increases. Thus, 
the protocol I hybridizations of Section VLB infra keep 0^5. 

To illustrate the use of genomic blocking DNA. it is convenient to consider a model of a genome wherein 
50% of the DNA is comprised of specific sequences (both repetitive and single-copy) and the other 50% of the 
DNA is comprised of shared repetitive sequences that are distributed uniformly over the genome. Thus, accord- 
ing to the model, if the target is L bases (that is, the probe contains fragments representing L bases of the target 
area or areas of the genome), sequences containing U2 bases will be specific to the target and U2 will be 
shared with the entire genome. 

IIL Labeling the Nucleic Acid Fragments of the Heterogeneous Mixture. 

Several techniques are avaflable for labeling single- and double-stranded nucleic acid fragments of the 
heterogeneous mixture. They include incorporation of radioactive labels, e.g. Harper et al. Chromosoma, Vol 
83. pp. 431-439 (1984) ; direct attachment of fluorochromes or enzymes, e.g. Smith et al.. Nucleic Acids 
Research, Vol. 13. pp. 2399-2412 (1985). and Connolly et al.. Nucleic Acids Research , Vol. 13, pp. 4485-4502 
25 (1985); and various chemical modifications of the nucleic acid fragments that render them detectable 
immunochemically or by other affinity reactions, e.g. Tchen et al.. "Chemically Modified Nucleic Acids as 
Immunodetectable Probes in Hybridization Experiments." Proc. Natl. Acad. Sci. , Vol 81, pp. 3466-3470 (1984); 
Richardson et al., "Biotin and Fluorescent Labeling of RNA Using T4 RNA Ligase," Nucleic Acids Research, 
Vol 11 pp 6167-6184(1983);LangeretaL,-EnzymaticSynthesisofBiotln.LabeledPolynucleotides:Novel 
30 Nucleic Acid Affinity Probes." Proc, Natl. Acad. ScL , Vol. 78. pp. 6633-6637 (1981) ; BrigatI et a!.. "Detection 
of Viral Genomes in Cultured Cells and Paraffin-Embedded Tissue Sections Using Biotin-Labeled Hybndization 
Probes " Virology. Vol. 126. pp. 32-50(1983) ; Broker etal.. "Electron Microscopic Visualization of tRNA Genes 
with Fe^tin-Avidin : Biotin Labels." Nucleic Acids Research, VoL 5. pp. 363-384(1978) ; Bayer etal..-The Use 
of the AvWin Biotin Complex as a Tool in Molecular Biology." Methods of Biochemical Analysis , Vol. 26. pp. 
35 1^5 (1980) Kuhlmann, Immunoenzyme Techniques in Cytochemistry (Weinheim. Basel, 1984). Langer-Safer 
et al., PNAS USA. 79 : 4381 (1982) : Landegent et al.. Exp. Cell Res .. 153 : 61 (1984) ; and Hopman et al.. 

Exp. Cell Res. , 169 : 357 (1987). . ^.^ ^ -.^ k. 

Exemplary labeling means include those wherein the probe fragments are biotinylated. modified with N- 
acetoxy-N-2-acetylaminofiuorene, modified with fluorescein isothiocyanate. modified with mercury/TNP ligand, 

40 sulfonated, digoxigenenated or contain T-T dimers. 

The key feature of "probe labeling" is that the probe bound to the target be detectable. In some cases, an 
intrinsic feature of the probe nucleic acid, rather than an added feature, can be exploited for this purpose. For 
example, antibodies that specifically recognize RNA/DNA duplexes have been demonstrated to have the ability 
to recognize probes made from RNA that are bound to DNA targets [Rudkin and Stellar. Nature. 265 : 472-473 

45 (1 977)]. The RNA used for such probes is unmodified. Probe nucleic acid fragments can be extended by adding 
"tails" of modified nucleotides or particular normal nucleotides. When a nomnal nucleotide tail is used, a second 
hybridization with nucleic acid complementary to the tail and containing fluorochromes, enzymes, radioactivity, 
modified bases, among other labeling means, allows detection of the bound probe. Such a system is commeri- 
cally available from Enzo Biochem (Biobridge Labeling System ; Enzo Biochem Inc., New York, N.Y.). 

50 Another example of a means to visualize the bound probe wherein the nucleic acid sequences in the probe 

do not directiy carry some modified constituent is the use of antibodies to thymidine dimers. Nakane et al., 20 
(2) : 229 (1987), illustrate such a method wherein thymine-thymine dimerized DNA (T-T DNA) was used as a 
marker for in situ hybridizatton. The hybridized T-T DNA was detected immunohistochemically using rabbit anti- 
T-T DNA antibody. 

55 All of the labeling techniques disclosed in the above references may be prefen-ed under particular circuni- 

stances. Accordingly, the above-cited references are in- corporated by reference. Further, any labeling techni- 
ques known to those in the art would be useful to label the staining compositions of this invention. Several fac- 
tors govem the choice of labeling means, including the effect of the label on the rate of hybridization and binding 

25 
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Of the nucleic acid fragments to the chromosomal DNA, the accessibility of the bound probe to labeling moieties 
applied after Initial hybridization, the mutual compatibility of the labeling moieties, the nature and intensity of 
the signal generated by the label, the expense and ease in which the label is applied, and the like. 

Several different high complexity probes, each labeled by a different method, can be used simultaneously. 
The binding of different probes can thereby be distinguished, for example, by different colors. 

IV. In Situ Hybridization. 



Application of the heterogeneous mixture of the invention to chromosomes is accomplished by standard 
in situ hybridization techniques. Several excellent guides to the technique are available. e.g.. Gall and Pardue 
"Nudeic Add Hybridization in Cytological Preparations," Methods in Enzymology. Vol. 21, pp. 470-480 (1981)* 
Henderson. "Cytological Hybridization to Mammalian Chromo- somes,' International Reviev/ of Cvtoloov Vol' 
76, pp. 1-46 (1982) ; and Angerer. etal., "In Situ Hybridization to Cellular RNAs," in Genetic Engineerin g - Prin- 
ciples and Methods. Seaow and Hollaender. Eds.. Vol. 7. pp. 43-65 (Plenum Press. New Yori<. 1985). Ac^^ 
ingly, these references are incorporated by references. 

Three factors influence the staining sensitivity of the hybridization probes : (1) efficiency of hybridization 
(fraction of target DNA that can be hybridized by probe). (2) detection efficiency (i.e., the amount of visible signal 
ttiatcan beobtamed from a given amount of hybridization probe), and (3) level of noise produced by nonspecific 
binding of probe or components of the detection system. 

Generally in situ hybridization comprises the following major steps : (1) fixation of tissue or biological stnjc- 
ture to be examined. (2) prehybridization treatment of the biological structure to increase accessibility of target 
DNA. and to reduce nonspecific binding, (3) hybridization of the heterogeneous mixture of probe to the DNA 
in ttie biological structure or tissue ; (4) posthybridization washes to remove probe not bound in specific hybrids 
and (5) detection of the hybridized probes of the heterogeneous mixture. The reagents used in each of these 
steps and their conditions of use vary depending on the particular situation. 

The following comments are meant to serve as a guide for applying the general steps listed above. Some 
expenmentation may be required to establish optimal staining conditions for particular applications 

In preparation for the hybridization, the probe, regardless of the method of its production, may be broken 
into fragments of the size appropriate to obtain the best intensity and specificity of hybridization. As a general 
guideline concerning the size of the fragments, one needs to recognize that if the fragments are too long they 
are not able to penetrate into the target for binding and instead fomi aggregates that contribute badcground 
noise to the hybridization : however, if the fragments are too short, the signal intensity is reduced 

Under the conditions of hybridization exemplified in Section VLB wherein human genomic DNA is used as 
an agent to block the hybridization capacity of the high copy shared repetitive sequences, the prefeired size 
^""'^ fragments is from about 200 bases to about 2000 bases, more preferably in the vidnity of 
1 kb. When the size of the probe fragments is in about the 800 to about 1000 base range, the prefeaed hybri- 
dization temperature is about 30°C to about 45°C. more preferably about 35«C to about 40»C and stfll more 
preferably about 37»C : prefen-ed washing temperature range is from about 40^ to about 50»C. more preferably 
about 45°C, 

The size of the probe fragments is chedced before hybridization to «ie target ; preferably the size of the 
fragments is monitored by electrophoresis, more preferably by denaturing agarose gel electrophoresis 

Fixatives indude add alcohol solutions, acid acetone solutions, Pelrunkewitsch's reagent, and various 
aldehydes such as fonmaldehyde. parafonnaldehyde, glutaraldehyde, or the like. Preferably, ethanol-acetic 
acid or methanol-acehcacid solutions in about 3 : 1 proportions are used to fix the chromosomes In metaphase 
spreads. For cells or chromosomes in suspension, a fo<ation procedure disclosed by Trask, et al in Sdence 
Vol. 230. pp. 1401-1402 (1985). is useful. Accordingly. Trask etal.. is incorporated by reference. Briefl y. KgCO^ 
and dimethylsuberimldate (DMS) are added (from a 5x concentrated stock solution, mbced immediately before 
use) to a suspension containing about 5x10<» nudei/ml. Final K2CO3 and DMS concentrations are 20 mM and 
3 mM. respectively. After 1 S minutes at 25»C, the pH Is adjusted from 1 0.0 to 8.0 by the addition of 50 microliters 
of 100 mM citric acid per milliliter of suspension. Nudel are washed once by centrifiigation (300 g 10 minutes 
4«C in 50 mM ka. 5 mM Hepes buffer, at pH 9.0. and 1 0 mM MgSO*). 

A preferred fixation procedure for cells or nudel in suspension is disdosed by Trask et al.. Hum. Genet 
78 : 251-259 (1988). which artide is herein Incorporated by reference. Briefly, nudei are fixed for about 10 
minutes at room temperature in 1% parafomfialdehyde in PBS. 50'mM MgSO*. pH 7.6 and washed twice Nudei 
are resuspended in Isolation buffer (IB) (50 mM KC1. 5 mM HEPES. 10 mM MgSO*. 3 mM dithfoeiythritol 0 15 
mg/ml RNase, pH 8.0)/0.05% Triton X-100 at 108/iml. ' ' 

Frequenlly before in situ hybridization chromosomes are treated wtth agents to remove proteins Such 
agents indude enzymes or mild adds. Pronase, pepsin or proteinase K arefrequentiy used enzymes. A rep- 
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. _ 70«C^ washes. Optimization 

resentative acid .eatrnent 0.02-0.2 N HC. fo|l^ed b^ h^^^^^^ 

of deprateinization requires a combinahon of ^''f^^^^^'^^^, optimum conditions vary according to 
S^tfon. but does "ot cause unacceptabie^^^^^^ tr^aUnt may be useful. Thus, for par- 

tissue types and method of fixation. Additional ^^^'O" ^ ootimize protease treatment. 

a applying »" heletoaeneous mKlure ?^*°^™^|„ presence of High pH. low pH. 

Lattm. or organic sotoenB such as (ormamrfe. |^ ,^ arget can also be produced wilh 

Srif CMKentraSon and tanperature. S'ngl»-*f "ded DNA^^^ ^ p^^^ 

"ch as, Exonudease 111 Ivan Dekk.n et al, 3!^^ ^ ^ conc».lratk.n helweer. 

SSg proc«lure Is IncoOaUon fcr i.*»een about '-^""""^^^^o-C. Detemilnalion of the optimal 

=rtr'n:srrrdSair:ireSs.b,app..ngth^ 

heatina to the appropriate temperature. ^hrnmo.jomal DNA and probe during the time the 

'"''S ambieSt pEysiochemica. conditions ^^^^^^^f^^,^^^ or annealing conditions, 

heterogeneous mixture is applied is refeaed "^^So^VSan ^^^^^^^^ by controlling several factors, includ- 
Optimal hybridization conditionsfor particular apphcat^^^^^^^ 

!no concentration of the constituents, incubation time of ch^mosome heterogeneous mixture. 

'^fnrenSJL. complexities. and lengthsofthenud^^^^^^^^^^^ ^^rnue 

^ughly. the hybridization conditions must ^^""^ f/^^siL^ 

IteJiflcbinLg-Ontheotherhandthe^^^^^ 

of complementary sequences below detectable levels or^^^^ important variable. The concentrations 

The concentrations of nudeic acid in the hy^^^^^^^ 
„,ustbehighenoughsothatsufficienthybr^ za^^n^^ ^^^^ ^ achieve adequate 

-r:^:£bt^:sr='4:^^ 

in solution and hybridize effectively. ^^^a, qna concentration in *e hyb- 

,n the representational examples described in l^f^^^^ l^^ in the range of1-20 ng^" 

ridization mixture had an upper limit on Uie order of 1 ug/u^. p^A was adjusted such that 
were used for such whole chromosome staining. The amou^^^^^ 

Q^as less than 5. Atthelow end Of probe conce« 

bation that is. a time period wherein the probe and Wo<*ing una ^ ^ridization. Signals were visible 

to he tTrgeteil material, to block ttie high-copy occured after a 100 hour 
Stertwo hours of hybrid-^tion.The best resulMb^^^^^^^^ 

hybridization, which gave the 'Zr^C^tSs lrT^^S^'^ alter hybridizations of 16 hours or less ; the 

high end of the probe concentration bnght signals o p^^e. 

contrast was reduced since more labeled repetitive ^ejl"^""^^^^ ^^^^ hybridization step to reduce 

^efocedtargetobjectcanbetreatedinseveralwayseittierdu^^^^ ^^ the 

nons^iSfbScSng ol probe DNA. ™— ^ J^^^^^ 

heterogeneous mixture, using coating solutions, such as uenn ; several minutes. e.g.. 5-20 

T^cA. 23. pp. 641^45 (1966). with *j;^^^Xr«n"hyS?zkS^^^ and In the ^ of RN^ 

iJTTenaturing solvents at a tempera^re J10C abov^^^^ 

probes, mild treatment with singlestrand RNase (e.g.. 5-lo microg 
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temperature for 1 hour). 

V. Chromosome-Specmc Stainrnn Reagents Comprising Selected S.nal^c»nv . 

' V-A- Making and Using a Staining Ra.n.nf .Specific to Hum.n r.hrn 

V. A. 1. isolation of Chromosome 21 and Construcfion of a Chromosome 21-Specific Libra^r 

.0 -eneT^r^^Cctrour^Sr^^^^^ the .ationa. La5o.to. 

from chromosome 21 we« generated byTe p^edu e f^'^'^^' f"^'^"^' "^^^ fragments 

Human Chromosome-Specific DNA Librarii fr^ RorPurSln ' Pi«een 

43. pp. 79-86 (1986). which reference isZZ^Z^Zy^^enT^!^^^^^ 

was established from newborn foreskin tissue r^nm« ^"efly. a human diploid fibroblast culture 

IS Of van den Engh et al.. Cyto.^^.^. 5 pp " lOsS^ga'rr f"' ''^ "'^ '^SSO. method 

33258 and ChromomyciSA3:ch^;some 21 w^^^^^^ "'"'"^ "^"^ '"^ ""°^^««nt dyes-Hoechst 

speed sorter described by Pete,, et al.. C^or::^"XTZT2^,^^^^^^^ laboratory high 

«on.rcSs<:^.?r^^^^^^^^ 

.0 The pellet was then resUpended^Trmroire^^^^^^^^^ 

mlVI Tris HCI pH 8.0) containing 0 5«/o SDS VnT NaCI. 10 mM EDTA. 10 

3rc. the proteins Jere ex^Xl^ice witrphrol S^^^^^ K. After overnight incubation at 

chlorofom, : isoamyl alcohol (24 : 1) Be^usfi 1' TlZ^ ' = 24 : 1) and once with 

racted with a small amount of 10 mM i?S?h 8 0 1 ^^^^^^^^ °' -^-^ -Sanic phase was reext- 

25 fen-ed to a Schleicher and Schuell mini-collodion ZmSIeSvH^o^^^^ 7^.*"'" ^"^ '^^"^ 

against TE for 6-8 hours. The purified DNA soluHo^^^r *!n h f^f ^ ^"'^ '"^'^^'^ ^* te-^Perature 
Research Laboratories. Inc.) in 50 mM NacC 10 1 TnTHC^pH 7^^^^^^^^^ ""'^^ °' ^^^^^^^ 

4 hours at 37», the reaction was stopped by extrrcJ^on^wTnho f ' . ^ ""^ *thiothreitol. After 

aqueous phase was dialyzed against watar ov^S^f ^ ? ■ ^"'^ as described above. The 

30 Charo„21Aarmscleaved With L2.TCa^tl.1^sZ^T^^^ '"^^ ^ °^ 

added. This solution was concentrated unde^tacuum voJ^ f^^.^^*^^ (Boehrlnger Mannheim) were 
ml microfuge tube where the DNA was predpSTwro^^^^^ trarrsferred to a 0.5 

volumes ethanol. The precipitate was colSbv clT? T ^««tate pH 5.0 and 2 

in 1 0 microliteiB of TE ^ ''^ centr.fugat,on. washed with cold 70'/o ethanol. and dissolved 

(Bethesda Research Laboratory. Inc.) were addel fheSn I ^""^ ^""'"'"^ ^"^ ^ ""'^ T4 ligase 
and 3 microliter aliquots were paLkagedtnTo phage lartiS^ '''•'"T"' '"'"""'"^ ^^^0 hours 

BHB 2688 and BHB 2690. desLed by ZnTnMToSsn^^^^^ 

^ Cloning: A Laboraton.M.n.... (Cold Spring Ha Wfaborft^rL^^ ^^'^ ^^^'^"^ (1979)1itolecular 

prepared by sonication and combined a^fte tfme If f„ ! ^' ^^"^ ^""^ ^^^2). Briefly, both extriSte^ 
lambda DNA at an efficiency oftSlo« plagle^^^^^ Tfl^^"^' '^''^ '"^^'^'^ P^'^'^^S^^ ^^<^^^ 

amplified on E.coli LE392 a? a densi^of approSdy To^t^ """^r " ^-^^^^ 
from growing together and to minimize diffeJenTesTtov^ Ztl^f hT ' '"""^ "^^^"^ 

« eluted from the agar in 1 0 ml SM buffer (50 rn^TOs hS 0^7? 1 n Im^^^^^^^ ''^^ P^^9« '-^'^ 

per plate by gentle shaking at 4«C for 2 hours Aenl.l '"'^ ^-O^^ Selatin) 

A«erpelle«ngcellu,ardeblthephagJLtensior^^^^^^^ 

50 LySipho^C*" °' ^""""""^ '■'■^"^^■•"'^ St^-na Chromosome 21 of Human 

PP.18^;?2(«^^^^^^^ 

specific librae.. These are'iransf^Je^o n^cSlu^^^^^^^^^^^ "ITJ!"" «'«"^some 2i: 

S5 DNA. ""^^^"'^P™''^*'** nick translated total genomic human 
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suuct the Chromosome 21 .«..ry. 1.e.. Hind .... U"'''- .f^jj-- ^^^^^^ 
that produce a single band during Southeni analysis Roughly. lOT^^^^ 
hete^eneousmbdure-Theunlpuesepu^^^^^ 

tions, and the inserts are separated from the P"?;® ^^"^^^ biotlnylated by nick translation (e.g.. by a kit 
; (i.e.. the unique sequence inserts) are removed f """.^^f J^lj^^fSg^^^^ are separated from the nick trans- 
Liiable from Bethesda Research Laboratones^ ^^.^^^''^^^^^^^^^^^ SephadexG-50 (medium) 

microscope Slides. Slides are stored in a ^^^^^ 

Slides carrying interphase ceils and/or metaphasespreaas dehydrated in an ethanol 

for 4 hours in air. treated with RNase (100 '^^^^^l^^'^ '^^^^ fmS-utes) and dehydrated. The prc^ 
series. They are then treated with proteinase K ^^^^t^ ^'ll^^ enz^eTso iat almosi no phase mlcro- 
,5 teinase K concentration te adjusted depending °" ^f" I^P^^JJ^ ^^rhybridlzation mix consists of (final 
scopic image of the clirc. -s°mes remams on ,t^3„^,\X 

concentrations 50 percent formamide. 2X SSC. 10 P®."^"; " . 21 -specific DNA. This m 

percent NP-40. pH 8). The slides are never allowed to dn^^ft^^^^ P^^t temperature with. BN buffer 

The Slides are removed from the BN ^f^^^^^^'^^f^^^^^ The 
containing 5% non-fat dry milk (Cama ion) and 0 Na >N2.de {5 r^^^^ microgram/ml in BN 

25 coveislips are removed, and excess liquid briefly '"^^^"fJ^^^t^heT^e coverelips are replaced and 
buffer with 5% mBk and 0.02% NaAzide) is applied (5 ""''^^^'f^-^J^^ rmLtes each in BN buffer 
the slides incubated 20 minutes at SZ-C. The slides j^f" 
at45-C. The intensity of biotin-linked fluorescence IS amp rf^^^^^^^ 

antibodyXS microgram/ml in BN -'^l^'^^^'^.l'^^^^^ Z^^oat antiavidi^ and goat serum 
30 above, by another layer of fluorescein-avidm DCS. " Af^erwashing in BN. a fluorescence 

area.. avanablecommercial.y.e.g.. vector La^^^^^^ 

antifade solution, p-phenylenediamine (1 .5 sianificantly reduced fluorescein fad- 

ant to keep this layer thin for optimum •"i<^°^<=°P'-'^X ^ o^%^ r^^^^^^ ^""^^ °^ 

ing and allows continuous microscopic observation for up to 5 nmnu es. 

35 propidium iodide) are included in the antifade O-f S:^^ -"^^^^^ 3,,^^ simultaneous observation of 

The ced-fluorescing DNA-specrfic dye propidium lod de "^J^™ ^ ,2eiss filter combination 
hybridized probe and total DNA. The f-esce'n and P. ^ ^^^^ observation 
487709). Increasing the excitation wavelength to nm (Z^ss fi^^^^^^^^ ^ 
of the P. only. DAP., a blue fl"^-^^^"^ "^N^-^P;,^^^^ Metaphase 
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V. B. Improved Method for Efficiently Selec ting Chromosome ?1 Single-Copy Sequences 

^ Genomics 5 ■ 1 00-1 09 (1 989) provides more efficient procedures than the method described 

450 inserts thus selected fomi the library pBS-U21 at high density in bacterial 

from LL21NS02 were subcloned into Bluescribe plasmids. 2) P'^*^"^® ^^^^^^^^^^^ DNA 
colonies on nitrocellulose filters and 3) radioactive ^'"'^-/-"^^S^^ 

on nitrocellulose filter at low stringency in two steps and 4) P^^'^^^^J^^^^ '"f ^ere picked 

were selected as potentially canying single-copy sequences. Fifteen hundred and thirty colonies 
in this manner to form the library pBS-U21/1530. 
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Southern analysis indicated that the second procedure was more effective at recognizing repetitive sequ- 
ence than the first. Fluorescence in situ hybridization with DNA from pBS.U21/1530 allowed specific, intense 
^^^"'"tfcfl """^^f^^ chromosomes in metaphase spreads made from human lymphocytes. Hybridization 
- 21k r^""^ of chromosome 21. Details concerning the Fuscoe et aL method of 

' ? s'ng'e^Py sequence or very low repeat sequence probes from recombinant libraries can be found 

in found in Fuscoe et al., id. 

V. C. Hybridization vwth a CoHection of Chromosonrie 4 Single-Copy Sequences 

FtauS 4H CLS'iJ??"?! <I.®^®>'^ hybndizing said single copy probes to a human metaphase spread, 
metephli sp^^^^ hybnd,zat,on wrth a pool of 120 single-copy probes from chromosome 4 to a human 

VI. Incapacitating Shared Repetitive Sequences 

VI.A. Chromosome 21 - Specific Staining Using Bloclcing DNA 

High concentrations of unlabeled human genomic DNA and lambda phage DNA were used to inhibit the 

stbl"il?rf' ^^''"^"'"^ '° chromosomLLarp'^'sfdS^^^^^^^^^ 

subsequent fixation of the target improved access of probes to target DNA. ^gesnon and 

S HfndKqrJi^t^rar^^^ °' "'^'""^ density fraction of phage from the chromosome 

Sofh oJ ^ '^^^ accession number 57713). as detemiined by a cesium chloride oradient 

to reZ^^JTftmL « • 9^' electrophoresis was about 5 kilobases. No attempt was made 

th^ J:^ sequences from the inserts or to isolate the inserts from tt,e lambda phage vector The 
hybndization moc was denatured by heating to 70-C for 5 minutes followed by incubation at 37»C forT hour 

Je'human'l" ^""""^ ^"'^ ""'^''^'^^ ^^A inrhySSdiStion mS to bioc^ 

the human repetitive sequences and vector sequences in the probe 

n^op/rSt H°f metaphase spread was removed from the 2XSSC and blotted dry with lens 

S mbbi f w r""' «PP"-«<1 to the Slide, a glass cover slip was placed on rhes'de 

^«d«d «f H K '.'"''r* '"''^ '■"""''^'^^ Afterwards preparatioS of the slides pr^ 

ceeded as descnbed in Section V.B. (wherein chromosome 21 DNA was stained witt, fluorescein and totS 

.^^^ ""'^'"^'^ ^ computerized image analysis system. It is a^na^ maqe 

show ng everything above threshold as white, and the rest as black. The primary data was recorded a^ Toil 

L l^^n^^f ^P'*^*' ^'^'"^ ^9^'" ''^'y (Again, small arrows Tndicate 

Tetl^^^lTZTTT""^ '^^"'^ ' ^ P°«*'°"« of the chromosome21s after omS 

less densely stained objects were removed by standard image processing techniques. 

VI.B. Detection of Trisomy 21 and Translocations of Chro mosome 4 Using Bluescribe Plasmid Ubrarie. 

enc^' 2L"n S usJS to 1°^ ^L^'^ chromosome-spedfic llbrar,, including its shared repetitive sequ- 

ences, can be used to stain that chromosome if the hybridization capacity of the shared repetitive seouenis 

rhrrltnZL''t" ""'r 3^"°'"'° ^^'^ Se^onV. the ^deto^^equen^ of 
S^f aX n 1 ^Tf''^ P''^^^ 21A. in which the ratio of insel of ^Sto 

DNA IS about 0.1 (4 kb average insert to 40 kb of vector). In this section, we demonstrate that transferrina the 
same inserts to a smaller doning vector, the about 3 kb Bluescribe plasmid. which inc^^ ^t^reto Zsert 
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10 



15 



to vector DNAto 0.5. improved *e the probe alone, with the probe 

AS previously discussed, incubahon of the probe cjn be carr ^^^^^ ,„ 3,, some 

„*ced with unlabeled genomic DNA. and w.th P'^'^f "^^^J ^^n it is important to add enough to incapac- 
Lred repetitivesequences. If unlabeled genom.c«^NA>sadde^^ P^^ 

tate sufficiently the shared ^P««^ ^ThS^i ton J Sc^^desire^^ As explained above. Q is herein 

sr^trrof:.^^^^ 

-'^:.e.eta...PNAS(USA).85:.3.^^^^^^^^^^ 
hybridizations are shown in Figure 4 A-C and 4F and G. 



20 



so that 1(M0% of the thymidim was replaoed by l^iolm 11-ou i r. 

supriT^mliiihni^^^ 4458^60. (1981). Cells were fixed .n 
0 ^ing to the procedures of Harper et Lrand stored at-20-C under nitrogen gas unbl 

methanol/acetic acid, fixed (3 : 1). dropped onto the target DNA sequ- 

used. The slides were then immersed two ""'""^^^ '"/°/;. f,'^^^ o.15 M NaCl/0.015 M'Na Citrate. pH 
ences. dehydrated ina70-85-100%e*anol^^^^^^^^^^ 

7).Ten-100ngofblotinylatedyeastDt<^.andappr^^^^^^^ composition 50% fomiam.de- 

^ DNA were then added to f ^Jv^;' ^.^^^^^^ hr .0 allow the com- 

r^Xt-To^eS^^^^^^^^^ 

' The hybridization m'^ture was then -PP''^'* .^^J^f^^^^^^^^ was removed and the slide 

cement under a glass cover slip^ After ^^^^^^ ^nd once in PN buffer Irn'octure of 0.1 U 

^ washed 3 times 3 min each in 50o/c ^^^f,^" p^^Q (sigma)]. The bound probe was then defected 

NaH^PO* and 0.1 M Na,HPO. to g.ve pH 8 0.1 and goatanti-avidin antibody, both at 5 

Buriingame.CA). *hya-^ A2<580kb of human DNA) to 12q21.1. The location ofthe hyb- 

Figure 5 shows the hybridization of HYA3.A2 (580 kb or num , ^chnique employing the 



55 



31 



EP 0 430 402 A2 



The YAC done positions are attributed as shown in Table 2 below. 
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YAC Clone 



HYl 



HY19 



Table 2 

YAC Competition T^yhririw^^^jy 
Insert Size 

120 

450 



IiY29 

HYA1.A2 
HYA3.A2 
HYA3.A9 
HYA9.E6 



500 



250 



580 



600 



280 



50 



Localization 
Xq23 

8q23.3 
2Iq21.1 

14ql2 

6ql6 

12q2Ll 

14q21 

lp36.2 
3q22 
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V1.D. Hybridization With M„m.n»4 anister Hybrid CpII 

400 ng of biotn iabeied DNAf^n, a Sr^^^^^^^^^ 

19 was mixed with 1.9 ug of uniabeled human genoS^S L in T^^.^^^ 

forapproximatelyeo hou,sat37»C. RuorescentSZS^o^J^hn w ''y""'"^"" Hybridization was 
so.es was as in the other exarnpiesabove^R^re^^^^^^^^ 
Vll specific ApDficatiQng 
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The present invention allows microscopic and in some cases flow cytometric detection of genetic abnor- 
malities on a cell by cell basis. The microscopy can be performed entirely by human observers, or include vari- 
ous degrees of addititional instrumentation and computational assistance, up to full automation. The use of 
instaimentation and automation for such analyses offers many advantages. Among them are the use of fluores- 

5 cent dyes that are invisible to human observers (for example, infared dyes), and the opportunity to interpret 
results obtained with multiple labeling methods which might not be simultaneously visible (for example, com- 
binations of fluorescent and absorbing stains, autoradiography, etc.) Quantitative measurements can be used 
to detect differences in staining that are not detectable by human observers. As is described below, automated 
analysis can also increase the speed with which cells and chromosomes can be analysed. 

10 The types of cytogenetic abnomialities that can be detected with the probes of this invention include : Dup- 

lication of all or part of a chromosome type can be detected as an increase in the number or size of distinct 
hybridization domains in metaphase spreads or interphase nuclei following hybridization with a probe for that 
chromosome type or region, or by an increase in the amount of bound probe. If the probe is detected by fluoresc- 
ence, the amount of bound probe can be detemiined either flow cytometricaily or by quantitative fluorescence 

15 microscopy. Deletion of a whole chromosome or chromosome region can be detected as a decrease in the num- 
ber or size of distinct hybridization domains in metaphase spreads or interphase nuclei following hybridization 
with a probe for that chromosome type or region, or by a decrease in the amount of bound probe. If the probe 
is detected by fluorescence, the amount bound can be detenmined either flow cytometricaily or by quantitative 
fluorescence microscopy. Translocations, dicentrics and inversions can be detected in metaphase spreads and 

20 interphase nuclei by the abnormal juxtaposition of hybridization domains that are normally separate following 
hybridization with probes that flank or span the region(s) of the chromosame(s) that are at the point(s) of 
rearrangement. Translocations involve at least two different chromosome types and result in derivative chromo- 
somes possessing only one centromere each. Dicentrics involve at least two different chromosome types and 
result in at least one chromosome fragment lacking a centromere and one having two centromeres. Inversions 

25 involve a reversal of polarity of a portion of a chromosome. 

Vtl.A Banding Analysis 

Substantial effort has been devoted during the past thirty years to development of automated systems 

30 (especially computer controlled microscopes) for automatic chromosome classification and aberration detec- 
tion by analysis of metaphase spreads. In recent years, effort has been directed at automatic classification of 
chromosomes which have been chemically stained to produce distinct banding patterns on the various chromo- 
some types. These efforts have only partly succeeded because of the subtle differences in banding pattem 
between chromosome types of approximately the same size, and because differential contraction of chronno- 

35 somes in different metaphase spreads causes a change in the number and width of the bands visible on chromo- 
somes of each type. The present invention overcomes these problems by allowing construction of reagents 
which produce a staining pattern whose spacing, widths and labeling differences (for example different colors) 
are optimized to facilitate automated chromosome classification and aberration detection. This is possible 
because hybridization probes can be selected as desired along the lengths of the chromosomes. The size of 

40 a band produced by such a reagent may range from a single small dot to a substantially unifonm coverage of 
one or more whole chromosomes. Thus the present invention allows construction of a hybridization probe and 
use of labeling means, preferably fluorescence, such that adjacent hybridization domains can be distinguished, 
for example by color, so that bands too closely spaced to be resolved spatially can be detected spectrally (i.e. 
if red and green fluorescing bands coalesce, the presence of the two bands can be detected by the resulting 

45 yellow fluorescence). 

The present invention also allows construction of banding patterns tailored to particular applications. Thus 
they can be significantly different in spacing and color mixture, for example, on chromosomes that are similar 
in general shape and size and which have similar banding patterns when conventional techniques are used. 
The size, shape and labeling (e.g. color) of the hybridization bands produced by the probes of the present inven- 

50 tion can be optimized to eliminate errors in machine scoring so that accurate automated aberration detection 
becomes possible. This optimized banding pattern will also greatly improve visual chromosome dassiflcation 
and aberration detection. 

The ease of recognition of specific translocation breakpoints can be improved by using a reagent closely 
targeted to the region of the break. For example, a high complexity probe of this invention comprising sequences 
55 that hybridize to tK>th sides of the break on a chromosome can be used. The portion of the probe that binds to 
one side of the break can be detected differently than that which binds to the other, for example wth different 
colors. In such a pattem, a normal chromosome would have the different colored hybridization regions next to 
each other, and such bands would appear close together. A break would separate the probes to different 
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chromosomes or result in chromosomal fragments, and could be visualized as much further apart on an aver- 
age. 

VII.B Biological Dosimetry 

5 

One approach to biological dosimetry is to measure frequencies of structurally aberrant chromosomes as 
an indication of the genetic damage suffered by individuals exposed to potentially toxic agents. Numerous 
studies have indicated the increase in structural aberration frequencies with increasing exposure to ionizing 
radiation and other agents, which are called clastogens. Dicentric chromosomes are most commonly scored 

10 because their distinctive nature allows them to be scored rapidly without banding analysis. Rapid analysis is 
important because of the low frequency of such aben'ations in individuals exposed at levels found in workplaces 
(-2x10-3/cell). Unfortunately, dicentrics are not stably retained so the measured dicentric frequency decreases 
with time after exposure. Thus low level exposure over long periods of time does not result in an elevated dicen- 
tric frequency because of the continued clearance of these aberrations. Translocations are better abenrations 

15 to score for such dosimetric studies because they are retained more or less indefinitely. Thus, assessment of 
genetic damage can be made at times long after exposure. Translocations are not routinely scored for biological 
dosimetry because the difficulty of recognizing them makes scoring sufficient cells for dosimetry logistically 
impossible. 

The present invention eliminates this difficulty. Specifically, hybridization with a probe which substantially 
20 uniformly stains several chromosomes (e.g. chromosomes 1, 2, 3 and 4) allows immediate microscopic iden- 
tification in metaphase spreads of structural aberrations involving these chromosomes. Normal chromosomes 
appear completely stained or unstained by the probe. Derivative chromosomes resulting from translocations 
between targeted and non-targeted chromosomes are recognized as being only partly stained, Fig. 4D. Such 
partially hybridized chromosomes can be immediately recognized either visually in the microscope or in an auto- 
25 mated manner using computer assisted microscopy. Discrimination between translocations and dicentrics is 
facilitated by adding to the probe, sequences found at all of the chromosome centromeres. Detection of the 
centromeric components of the probe with a labeling means, for example color, different from that used to detect 
the rest of the probe elements allows ready identification of the chromosome centromeres, which in tum faci- 
litates discrimination between dicentrics and translocations. This technology dramatically reduces the scoring 
30 effort required with previous techniques so that it becomes feasible to examine tens of thousands of metaphase 
spreads as required for low level biological dosimetry. 

VII.C. Prenatal Diagnosis 

35 The most common aberrations found prenatally are trisomies involving chromosomes 21 (Down syn- 

drome), 18 (Edward syndrome) and 13 (Patau syndrome) and XO (Tumer syndrome), XXY (Kleinfelter syn- 
drome) and XYY disease. Structural aberrations also occur. However, they are rare and their clinical 
significance is often uncertain. Thus, the importance of detecting these aberrations is questionable. Current 
techniques for obtaining fetal ceils for conventional karyotyping, such as, amniocentesis and chorionic villus 

40 biopsy yield hundreds to thousands of cells for analysis. These are usually grown in culture for 2 to 5 weeks 
to produce sufficient mitotic cells for cytogenetic analysis. Once metaphase spreads are prepared, they are 
analyzed by conventional banding analysis. Such a process can only be canried out by highly skilled analysts 
and is time consuming so that the number of analyses that can be reliably carried out by even the largest 
cytogenetics laboratories is only a few thousand per year. As a result, prenatal cytogenetic analysis Is usually 

45 limited to women whose children are at high risk for genetic disease (e.g. to women over the age of 35), 

The present invention overcomes these difficulties by allowing simple, rapid identification of common nu- 
merical chromosome aberrations in interphase cells with no or minimal cell culture. Specifically, abnormal num- 
bers of chromosomes 21, 18, 13, X and Y can be detected in interphase nudei by counting numbers of 
hybridization domains following hybridization with probes specific for these chromosomes (or for important reg- 

50 ions thereof such as 21 q22 for Down syndrome). A hybridization domain is a compact, distinct region over which 
the intensity of hybridization is high. An increased frequency of cells showing three domains (specifically to 
greater than 10%) for chromosomes 21 , 18 and 13 indicates the occurrence of Down, Edward and Patau syn- 
dromes, respectively. An increase in the number of cells showing a single X-specrfic domain and no Y-specific 
domain following hybridization with X-specific and Y-specific probes indicates the occurrence of Tumer syn- 

55 drome. An increase in the frequency showing two X-spectfic domains and one Y-spectfic domain indicates 
Kleinfelter syndrome, and increase in the frequency of cells showing one X-specific domain and two Y-specific 
domains indicates an )(YY fetus. Domain counting in interphase nudei can be supplemented (or in some cases 
replaced) by measurement of the intensity of hybridization using, for example, quantitative fluorescence micro- 
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. . .^^inopth^intensitvofhybridizationisapproximatelyproport^ 
scopyorflowc^ometry s^^^^^^^^ aberrations involving several chromosomes can be 

chromosomes for which the probe is f P®^'^^^^^^ chromosomes with different labeling 

scored simultaneously by -^'"^ ^^^^^^^^^ 

means, for example, different colors These ^^^^^^^^^^^ ^„ ^e scored. They eliminate the need for 

Sons pLer. th'ey are we« suited to ^^^^.^^^IZ^^e ..^^^ ^.so allows cytogenetic analysis 
The fact that numerical aberrations can be -^^^l^** '"3^^!^^^^ analysis of fetel cells found in 

cell sampling such as amniocentesis or jj'""^^^^^ ^^ethcds are necessary Is that conven- 

As indicated in the Badjg^^^^^^^^^^^ 
tional karyotyping and bandmg analysis requires meiap population of cells having 

procedures for cuj^ng f^^^^^^^^^^ 

metaphase chromosomes. In chromosomes is provided by this Invention. 

,e,.anon^mbryo-invas|vemethod^^^^^^^ 

The first step in such a method ^^.I^'S^Tt^^ incidence of fetal cells in the maternal bloodstream is 
been Shed by *e plac^^^^^^ an^ qJte variable depending on the time of gestation ; howeve. 

high speed cell sorting ^^^^pl^ ^ fluorescent tag. on a chro- ' 

rarirrnrr^j^rs^^s^^^^^^^^ 

(Academic Press. N.Y.. 1982) ; and Siebers et al.. """""^^f^^^^f^ZJ^^^^ antibodies which 

A preferred method of separating fetal '^-"f Fetal cells may be 

preferentially have affinity for some component not P ^ anSgenTn the surface of fetal cells. 

5etected-by paternal HLA (human leukocyte antigen) maricers l!^^ ^^^^^^^^"".^c^ on the basis of 
Preferred immunochemical P^-f ^ »° ^J;"^"'!^^^^^^^^ prefe^ at the -A2 locus. 

dHTering HLA type use differences at ti^e ^l^^-^'J^l^^Z^^^i with antibody against the internal cellular 

J cytiotrophoWasts. » w connrat^ fatal cells from maternal blood for staining according to this 
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application and artcle are herein specifically incorporated by reference. Briefly, the disclosed monoclonal antl- 
J^h'?hT[! of test animals with cytotrophoblast cells obtained from secHonsTlJe ZLnt^ 

bed. that had been isolated by uterine aspiration. Antibodies raised were subjected to s^^TJnZ^^ 

s ^"""^'^^ ^^''^^ ^^-^--^ cytotrophobiast:r::ite7::ji?^^^^^ 

Preferred monoclonal antibodies against such first trimester cytotrophoblast cells disclosed bv Ftehpr »f 

Hybridoma ATCC Accession # ^' 
J1D8 HB1009e 
P1B5 HB10097 

Berth hybridoma cultures were received by the ATCC on April 4. 1989 and reported viable thereby on April 14 
VII.D Tumor Cytogenetics 

leukemiaandatransiocaZ 'voi>^^^^^^ ''^^-f .'^'^^"''^ myelogeneous 

the fact that many humantmo^a Jd^^^^^^^^^ f""'^^''^- "^^^^^ P™'"^'^ ^te'" f™"' 

usually difficult Even if the^S^/n hf n '° S™'^ culture. Thus, obtaining mitotic cells is 

^^^^^^ 

developmento?newassoJSTbeS,^?2^^^^^ ""T*" "^'""""^ "'^^"^ '^P''^ 

because they bring togethe"Sbnd^ton rr2r„rIhT^^^^ Translocations may be detected in interphase 
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vn.. nof^ntinn of BCR-ABL Fusion m Chronic Myelogenous Leukemia (CML) 

A foiie ^ rML assav based upon FISH with probes from chromosomes 9 and 22 that 
Probes. This section details a CML assay . JT.. -phe BCR and ABL probes 

flank-ui^sedBCRandABLsequencesinessen^^^^^^^^ 

s "sedintheexamplesofj^se^n^^^^^^ 

Section of Hematology/Oncology at °' 35.^^ cosmid (pCV105) clone selected to be telomeric 

The ABL probe on chromosome 9. ^-^"-ABL. « ^ ^^^^ The BCR probe on chromo- 

tothe200-kbregionofABLbetweenexons^^ 

some 22. PEM12. is an 1 8^ P^^je done 0"^'^ * P ^ ^^.^ ^^^^ ^ 

,0 5.&-kbbreakpont duster r^^no^ 

outusingabiobn labeled ABLprobe.detectedw. nmeT ^ observed simul- 

region, here indicated by the das'iea i^ne i n pp breakpoints in CML occur between exons 

probe) is indicated by the °P«"^°"|°^^^^^^ 
^o 2and4. "'Skborn^reof terge^^^^^^^^ ^.,„ ^„ ^he derivative 

translocation a few kb of target for ^^^12 (undetecra^^^ a Heisteikamp et al. (ref. 34. supra), 

chromosome. The map and exon numbering (not to '^^7^'^°^^ ^he Roman numerals la and lb 

be separated finom PEM12 by 25to225kb centrifuged for 5 min. Ten drops of interface was 

rT at 37-C (isScTs 0 3M NaCl/30 mM sodium dtrate). Heat 1 0 ml of hybridization mixture con- 

Air dry and place at 37 c (2x6,i>u is u.^m dextran sulphate, and 1 mg/ml human genomic 
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beled BCR probe. ^^^^ ^U^^^^ ^BSA) for 5 min. Apply Texas 

a.BiotinylatedABLProb^,. Preblock wrtj . ^gg^ ^^qSC once. 4xSSC/1% 
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f min. Wash twice In PHfo^ 5 mt eaS pirwirpr? ^ '"*^"^P<"'«- : 15.4 mg/ml In PNM) for 45 
gated with FITC (Organon VZ^ Cao7^ T^n ^T'^'''"^ ^Bbblt-antl-sheep antibody conju- 

necessary. *e s^,nans ^mX^sS^^^T^ Z iS,V^M and^no'; '''"^ ' ^^"^ 
body conjugated to FITC (Organon TLika-Cappe, 1 To rPNMW^rjl ^•'^ ^'^^^^ ^^^^"^ ^"^''''^ '9° 

asesS-rerp^er^ritT^r^^^^^ 

ere on 9q while the Bck probe bound aTS?i (Rgu^^^^^^^ HvbriZ? ^ A) near the telom- 

interphase nuclei typically resulted T^f t^ fluoric! nt ^^^^^ the ABL or BCR probe to normal 

chromosome homologu^ The SDoV7JlZnnrr!T T f^^^Po^d'^S to the target sequence on both 
images and wereusuXweliSparaLTfer^^^^^ dimensional nuclear 

Of hybridization to both LSSSi^^^^^^ 

(i.e.. those in the S- or 02- phase of ce» n^T^f i.'^uT "^'"^ '^^'^ ^^'^ ^«9fon of dna 

nonnal G1 nuclei yielded two AeO^Sg^e (BCR)^v^^^^^^ ^"^^'"^ ^^'^ ^^reen) probes to 
the nucleus. ^ ^ ®" ^^^^^ hybridization signals distributed randomly around 

abn:ra?cr;:=:^^^^^^^^^^^ 

genomic distance between the probe binS J^^^^^ '""^'^ted Rfl^re 8. The 

25 to 225 kb. but remains the same in a 1 cet of a ^ngt teuS! Z!f TT P""" '^"^'^^ ^^"^ 
and BCR probes to interphase CML cells resuSd Z on<l f h w ^^ybridizab-on with ABL 

dom in the nucleus, and one red-gre^ doSs^anan^^^^^^ hybridization signal located at ran- 

than 1 micron (or one yellow hybldlLtion si^^^^^ '^''"'^'r "^'^^^^ <^^Ofs was less 

^.ndomly located red and green' signals iel^Z o SybSon to L aTl and S ^ "'^"^ ' "^-^^ 
chromosomes, and the ,Bd-green doublet signal to hybridL fo?to tSl Am T ^ ^^"^ 
P.ng studies suggest that DNA sequences separated^ fesMhan ^^^^ '""^"^^^^ '"^P" 

nuclei by less than 1 micron (25) As a result LiiTlL • !? ^ separated in Interphase 

greater than 1 micron were sS^dls no^t s7nt th^sTcon^^^^^^^^^ ^'^"^'^ -P--^«<^ 

ferent chromosomes. However, due to stSiil^nsWerS^n^^^^^^^ hybridization sites being on dif- 

dots close enough together to be scored 3736^1^^1 fh . ' ^nd green 

normal nuclei had rS and green ^SJa'ion^^^^^^ dimensional nuclear analyses. 9 out of 750 

1% Of nomial cells were classified as abnoral "'^"^"^ approximately 

^^oZls%:!Z\:^^^^ cases along with conven.onal 

to be Phi negative by banX anS Sl 5^^^^^^^^^^^^ 

detectthepresenceoiat^siCranr^^^^^^^^^^ 
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Hybridization to metaphase spreads was performed in three cases (CML-1,-5 and -6). All of these showed 
red and green hybridization signals in close proximity on a single acrocentric chromosome. In two cases, scored 
as t{9 : 22)(q34 ; q1 1 ) by banding, the red-green pair was in close proximity to the telomere of the long arm of 
a small acrocentric chromosome as expected for the Phi (Figure 9C). One case (CML-6) was suspected by 
Irassical cytogenetics to have an insertion of chromosomal material at 22q11. Dual color hybridization to 
metaphase spreads from this case showed the red-green pair to be centrally located in a small chromosome 
(Figure 9D). That result is consistent with fonmation of the BCR-ABL fusion gene by an insertion. In one case 
(CML-1). two pairs of red-green doublet signals were seen in 3 out 150 (2%) interphase nuclei. Thatmay indi- 
cate a double Phi (or double fusion gene) in those cells. Such an event was not detected by standard cytogene- 
tics, which was limited to analysis of 25 metaphase spreads. The acquisition of an additional Phi is the most 
frequent cytogenetic event accompanying blast transfomiation. and its cytogenetic detection may herald dis- 
ease acceleration. 

Simultaneous hybridization with ABL and BCR probes to metaphase spreads of the CML derived cell line 
K.562 showed multiple red-green hybridization sites along both anns of a single acrocentric chromosome. Hyb- 
ndization to interphase nuclei showed that the red and green signals were confined to the same region of the 
nucleus. That is consistent with their being localized on a single chromosome. Twelve to fifteen hybridization 
pairs vrere seen in each nucleus indicating corresponding amplification of the BCR-ABL fusion gene (see Fig- 
ures 9E and 9F). These findings are consistent with previous Southern blot data showing amplification of the 
fusion gene in this cell line (26). 

In summaiy. analysis of interphase cells for seven CML. and four normal cell samples using dual color FISH 
with ABL and BCR probes suggests the utility of this approach for routine diagnosis of CML and clinical moni- 
nSI'L » T^^' ^^"^ ""P^"*^"* advantages are the ability to obtain genetic information from 

indn^idual mterphase or metaphase cells in less than 24 hours. Thus, it can be applied to all cells of a population 
notjust to those that fortuitously or through culture, happen to be in metaphase. Further, the genotypic analysis 

^eabno^aH^^ ^^"^'"^^^ 

in ^h^-t IrSi^T""^'*!"" f ^"'^ ^'^"^'^ di'^ensional images of normal cells, which occur 

IrS . , \ ~T ^^"^ *^ frequency detection limit. That detection limit may be lowered by 
Th!. c measurement of the separation and intensity of the hybridization signals in each 

nucleus using computenzed image analysis. Such analysis will be particularty important in studying patient 

m^iS^trnlTf "^"^ BCR-ABLfusion at low frequency (e.g.. dSring remissTon' Xr bone 

man-ow transplantation, during relapse or in model systems). 

^iJ^l^Jf^^ ^!'°""^ advantageous for detection of CML cells during therapy when the number of 

T^t^^^VrLT^r^'^ ^ ^'"^"y" ^''"P'^ °f hybridization 

spots allows for tfie detection and quantitative analysis of amplification of the BCR-ABL fusion gene as nius- 

trated for the K562 cell line (Figure 9E). Quantitative measurement of fluorescence intensity may assist with 

sucn an analysis. 

IX. Method of Preparing and Applying Singl e Stranded Nucleic Acid Probes to Double Standed Target DNAs 

f ^"^'^mI''® '"f'^'^ preparing and applying single stranded DNA hybridization probes to double stran- 
f« 'y*^"'"^ ^"'^ P"'"^ ^'t*^ restriction endonudease fol- 

So hII^S T *° "'^ restriction cuts. Probes are constructed by resynthesizing 

fte digested single sfrands with labeled nucleotides. The labeled strands are substantially complementary to 
iTolHT? single strands of the target DNAs. The double stranded DNA fragments containing the labeled 
single strands are broken into smaller pieces and denatured. The hybridization probes are obtained by separat- 
ing the labeled single stranded fragments from the unlabeled fragments. 

- P'^A to used in the probes is treated with a restriction endonudease to form restriction fragments having 
^ ! OM*^ V ""P"'^"* *e restriction endonudease make a staggered cut through the double 
stranded DNA. Suitable restriction endonudease indude. but are not limited to. Hind III. Bam H1. Eco R1 or 

(Indianapolis. IN). In selecting a resbiction endonudease it is preferable that the resulting restriction fragments 
be within a sae range which allows them to be diredly Inserted into available doning vedors. Suitable doning 
vedors included plasmids. such as pBR322. and phages, such as lambda phage, various derivatives of bom 

l^^!r^^^^T^"^^1!^ ''"'"^9^ (Madison, Wl). and Boehringer Mannheim 

Indianapolis IN). Amplified copies of the restriction Iragments are isolated using standard techniques. e.g 
Maniatas etal.. Mdecular Cloning : A Laboratory M«n..«i (r.niH spring HartJor Laboratory, 1982). Alternatively 
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for some applications restriction fragments can be obtained from existing libraries. For example, the American 
Type Culture Collection. Rockville. MD. holds collections of human chromosome-specific libranes of restriction 
fragments which are available to the public. 

Standaid procedures are followed in treating the restriction fragments with exonudease. and in enzymati- 

5 cally re-synthesizing the digested sfrands in the presence of labeled precursors. In particular the technique dis- 
closed by James and Leffak. Anal. Biochem. . Vol. 141 . pp. 33-37 (1 984). is followed. Accordingly this reference 
is incorporated by reference. Briefly, to the restriction fragments about 3 units of exonudease III are added per 
microgram of DNA in a solution consisting of 100 mM NaO; 50 mM Tris-HCI (pH 8.0). 10 mM MgClz and 1 mM 
dithiothreitol at37»C. Digestion istenninated by heating the sample to 60°Cfor5-10 minutes. James and Laffak 

10 report that these conditions result in the digestion of about 80-200 nudeotides perminute. The actual digestion 
rate will vary depending on the source and batch of exonudease III as well as the source of the DNA substrate, 
e g Guo etal.. Nud. Acids Res. . Vol. 10 pg. 2065. Some experimentation may be necessary to obtain labeled 
stands of the desired length. Exonudease III is available commercially. e.g.. Boehringer Mannmheim 
(Indianapolis. IN), or Promega Biotec (Madison. Wl). Also. T4 polymerase (BRL. Bethesda. MD) can be used 

15 for both the exonudease and resynthesis steps. 

The exonudease treated restriction fragments serve as primer/templates for a DNA polymerase which re- 
synthesizes the digested sfrands in the presence of labeled precursors. The preferred labeled precursor is bioti- 
nylated uracil, as a substitute for thymidine. Re-synthesis is accomplished using DNA polymerase I orT4 DNA 
polymerase following the procedure of Langer et a!., Proc. Nafl. Acad. Sci. . Vol. 78. pp. 6633-6637 (1981) 

20 which, in turn, is an adaption of the basic nick franslation technique disdosed by Rigby et a!.. J. Md. Btol.. Vd. 
113 pg 237 (1977) e.g.. 1 unit E. Coli pdymerase I per microgram of DNA is incubated at 37°C in a solution 
consisting of 100 mM Nad. 50 mM Tris-HCI (pH 8.0). 10 mM MgCIj. 1 mM dilhiothreitd. and 50 mM KO. Also 
induded in the sdution are appropriate amounts of the friphosphate precursors (one or more of which are 
labeled). e.g.. 50-100 micromolar of each for 20-50 micrograms per milliliter of resfrjction fragments. Under 

25 these condittons resynthesis is completed in about 40-60 minutes. 

The labeled resfriction fragments are broken into smaller fragments to ensure that the labeled regions on 
either end of the labeled restriction fragments are separated. (Otherwise, the labeled fragment on one end 
would be a part of a larger piece of single sfranded DNA which contained complementary regions to the labeled 
fragment on the other end). Such breaking into smaller fragments is accomplished by any number of standard 

30 techniques, e.g. sonication. enzymatic treatment, or the like. Maniatis. et al. Mdecular Cloning : A Laboratory 
Manual (Cold Spring Harbor Laboratory. 1982). 

After the labeled restriction fragments are appropriately broken into smaller pieces, they are denatured and 
single stranded labeled fragments are separated from unlabded fragments. The separation can be accom- 
plished in several ways. Whenever the prefered label, biotin. is used the preferred separation means is by way 

35 of a standard avidin affinity column. e.g. Bayer and Wilchek. The Use of the Avidin-Biotin Complex as a Tod 
in Mdecular Bidogy." Methods of Biochemical Analysis. Vol 26. pp. 1-45 (1980); and Manning et al.. 
Biochemistry. Vol. 16, pp. 1364-1370 (1977). Avidin can be covalently coupled to a number of different subs- 
trates such as glass. Sepharose, agarose, and the like, with standard techniques as described in the above 
references. Accordingly. Manning et al. and Bayer and Wilchek. pp. 9-1 6. are incorporated by reference. Avidin 

40 affinity columns are also available commercially, e.g. Zymed Laboratories, Inc. (South San Francisco. CA). The 
biotinylated probes are removed from the avidin column fdlowing the procedure of Chollet and Kawashima. 
Nucleic Acids Resources, Vol. 5. pp. 1529-1541 (1985). 

Altematives to the above labding procedure are available. For example, after ttie DNA to be used in the 

probes is treated with a restriction endonudease. the resulting resfriction fragments are separated into two por- 

45 tions. The firet portion undergoes freatment as described above. That is. it is freated with exonudease to forni 
template /primers for resynthesizing a labeled strand of DNA. The resulting resynthesized resfriction firagments 
are then broken into smaller pieces, as described above. The label in this case, need not be biotin. For example, 
a radioactive labd can be used. The second portion is also treated with an exonudease, preferably exonudease 
Hi. However, ttie readion is allowed to proceed to completion so that each resfriction fragment is converted 

50 into two non'complementary single stranded pieces approximatdy half the length of the parent strand. These 
resulting single sfrands are then covalently linked to DBM paper using standard techniques, e.g. Maniatis et 
al • Molecular aoninq : A Laboratory Manual (Cold Spring Hartjor Laboratory. 1982) pp. 335-339 ; and Alwine 
et kl.. Methods in Enzymotogy, VoL 68. pp. 220-242 (Academic Press. New Yoric. 1979). Accordingly, the cited 
pages of these references are incorporated by reference. The fragments of the first portion are denatured and 

55 combined with the DBM paper containing the covalently linked fragmente of the second portion. Conditions are 
adjusted to permit hybridization of the labeled strands to complementary sfrands covalently linked to the DBM 
paper. The unlabeled sfrands from the first portion are washed from the paper (there being no complementary 
sfrands for them to hybridize to). After the washing the labeled strands are removed by heating, for example. 

41 
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and are ready for use. 

Before application of the probe to the target DNA, the target DNA is treated with the same restriction 
endonudease as was used In construction of the probe. After restriction endonudease treatment the target DNA 
Is treated with an exonudease, preferably exonuclease Ml or T4 polymerase. Preferably, the conditions of 

5 exonudease treatment are adjusted so that the lengths of single stranded regions created are substantially 
the same as the lengths of the probe DNA. 

Hybridization of probe to target DNA is cam'ed out using standard procedures, e.g. Gall and Pardue 
Methods in Enzymology. Vol. 21. pp. 27(W80 (1981) ; Henderson. International Review of Cytology. Vol. 76." 
pp. 1-46 (1982) ; and Angerer et al., in Genetic Engineering : Principles and Methods. SeUow and Hdlaender' 

10 Eds., Vd. 7, pp. 43-65 (Plenum Press. New Yoric. 1985). Accordingly, these references are incorporated by 
reference as guides for the use of the invention In in situ hybridization. Briefly, probe prepared in accordance 
with the invention is combined with several other agents for reducing nonspecific binding, for maintaining the 
integrity of the biological structure being probed, and the like. The resulting mixture is refen-ed to herein as the 
hybridization mix. Below, the method is applied In the Chromosome-specific staining of human chromosome 

iS 21. 

Hind ill restriction fragments of human chromosome 21 are available from the National laboratory Gene 
Ubrary Project through the American Type Culture Cdlection, Rockville. MD, Van Dilla et al., "Human Chro- 
mosome-Specific DNA Ubraries : Construction and Availability.- Biotechnology. Vd. 4. pp. 537-552 (1986) 
Altemately. such firagments can be produced following the disdosures in Van DHIa etal.. dted above or Fuscoe 

20 et al., "Contruchon of Fifteen Human Chromosome-Specific DNA Libraries from Row-Purified Chromosomes " 
Cytogenet Cell Genet. . 43 : 79-86 (1986). 

Clones from the library having unique sequence inserts are isolated by the method of Benton and Davis 
^lence. Vd. 196. pp. 180-1 82 (1977). Briefly, about 1000 recombinant phage are isdated at random from the 
chromosome 21-specific library. These are transfenred to nitrocellulose and probed with nick translated total 

25 genomic human DNA. 

Of thedoneswhichdonotshowstrong hybridization, approximately 300 are pidtedwhich contain apparent 
unique sequence DNA. After the seleded clones are amplified, the chromosome 21 insert in each done is 4 

^1^1^"'^ ^ ^ ^^'' *° ""'^ °^ 9^"*"^''^ DNA digested with the same enzyme used to con- 

stmct the chromosome 21 library. i.e.. Hind III. Unique sequence containing dones are recognized as those 
ttiat produce a single band during Southern analysis. Roughly. 100 such dones are selected for the 
heterogeneous mixture of probe DNA. The unique sequence dones are amplified, the inserts are removed by 
Hind III digestions, and the inserts are separated from the phage amis by gel electrophoresis. The probe DNA 
fragmente (i.e.. the unique sequence inserts) are removed from the gel and treated with exonudease III as des- 
cnbed above, followed by resynthesis in the presence of biofinylated UTP precursor. The resulting double stran- 
ded fragments are sonicated so that on an average each fragment receives about 1 .5-2.0 breaks. The resultinq 
abo^ bioenylated fragments are isdated by avidin affinity chromotography as described 

>,.co">'Jl!ri*!!!l'"!°°^ chromosomes are prepared following Harper et al.. Proc. Naf I Acad. Sc L. Vd. 78 pp 
4458^60 (1981). Metaphase and interphase cells are washed 3 times in phosphate buffered saline, fixed in 
Jhere a°-20^ ""^ ^"'^ ''"""'^ '"^^"^'^ microscope slides. Slides are stored in a nitrogen atmos- 

DM '"t^HJhase cells and/or metaphase spreads are removed from the nitrogen treated with 

?n^M T '^^'^^^ ^'^"^ ^-■'6 with Hind ill at 37-C (10 units M 

H J'l^K hM .1 ^^^^^ ^"^ ""^ dithioenythritol at pH 7.6). freated with exonudease 

" ««r . ' ? dehydrated in an ethand series. They are then treated with proteinase K (60 ng/ml 

at 37-C for 7.5 minutes) and dehydrated. The proteinase K concentration is adjusted depending on the cell 
type and enzyme lot so that almost no phase microscopic image of the chromosomes remains on the dry slide 
The hybridization mbc consists of (final concentrations) 2X SSC (0.15 M Nad and 0.015 M sodium nitrate) 10 
S^i^!n«njjS2f "''II^ nK^* micTog»ams/ml canier DNA (sonicated herring spem, DNA), and 2.0 microgram 
/ml biotin-iabeled probe DNA. This mbdure is applied to the slides at a density of 3 microliterB/cm2 under a glass 
Mvershp and sealed with rubber cement After overnight incubation at 37»C. the slides are washed at 45»C 

fftM nZ^o rS^M^K^." "^""'^ = ^ 2XSSC pH 7. 5 times 2 minutes) and immersed 

in BN buffer (0.1 M Na bicarbonate. 0.05 percent NP.40. pH 8). The slides are never allowed to dry after this 
poinL ^ 

The slides are removed from the BN buffer and blocked for 5 minutes at room temperature with BN buffer 
containing 5% non-fat dry mflk (Carnation) and 0,92% Na Azide (5 microliter/cm2 under plastic coveislips) The 
covershps are removed, and excess liquid briefly drained and fluorescein-avidin DCS (3 microgramAnl in BN 
buffer with 5% milk and 0.02% Na Azide) is applied (5 microliter/cm2 The same coverslips are replaced and 
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the slides incubated 20 minutes at ST'^C. The slides are then washed 3 Umes for 2 minutes each in BN buffer 
at 45*0. The intensity of biotin-linked fluorescence is amplified by adding a layer of btotinylated goat anti-avidin 
antibody (5 microgram/m! in BN buffer with 5% goat serum and 0.02% NaAzide) followed, after washing as 
above, by another layer of fluorescein-avidin DCS. Fluorescein-avidin DCS, goat antiavidin and goat serum 

5 are all available commercially. e.g.. Vector Uboratories(Buriingame. CA). After washing in BN. a fluorescence 
antifade solution, p-phenylenediamine (1.5 microllter/cm^ of coverslip) is added before observation. It is import- 
ant to keep this layer thin for optimum microscopic imaging. This antifade significantly reduced fluorescein fad- 
ing and allows continuous microscopic observation for up to 5 minutes. The DNA counterstains (DAPI or 
propidium iodide) are included in the antifade at 0.25-0.5 microgram/mi. 

10 The red-fluorescing DMA-specific dye propidium iodide (PI) is used to allow simultaneous observation of 

hybridized probe and total DNA. The fluorescein and PI are excited at 450-490 nm (Zeiss filter combination 
487709). Increasing the excitation wavelength to 546 nm (Zeiss filter combination 487715) allows observation 
of the PI only. DAPI, a blue fluorescent DNA-specific stain excited in the ultraviolet (Zeiss filter combination 
487701). is used as the counterstain when biotin-labeled and total DNA are observed separately. Metaphase 

15 Chromosomes 21s are detected by randomly located spots of yellow distributed over the body of the chromo- 
some. 

The descriptions of the foregoing embodiments of the invention have been presented for purpose of illus- 
tration and description. They are not intended to be exhaustive or to limit the invention to the precise form dis- 
closed, and obviously many modifications and variations are possible in light of the above teachings. The 
20 embodiments were chosen and described in order to best explain the principles of the invention and its practical 
application to thereby enable others skilled in the art to best utilize the invention in various embodiments and 
with various modifications as are suited to the particular use contemplated. 
All references cited herein are hereby incorporated by reference. 
The following are further general statements regarding tiie invention : 
25 In the aspect which concerns a method of staining targeted chromosomal material based upon nudeic acid 

sequence employing nudeic acid probes wherein said targeted chromosomal material is in the vicinity of one 
or more suspected genetic rean-angements that are diagnostic for chronic myelogenous leukemia (CML) whe- 
rein the proximity of and/or other characteristics of signals of said staining pattem indicate whetiier a BCR-ABL 
fusion is present, ttie portion of the probe to the BCR region is labelled/visualized in one manner and the portion 
$0 of the probe to the ABL region is labelled/visualized in another manner so that when the BCR-ABL fusion is 
present the proximity of said two labelling/visualization means become relatively dose in an interphase and/or 
metaphase chromosomal spread. The complexity of the probes may be from about 50 kb to about 1 megabase 
or to about 750 kb, or preferably from about 200 kb to about 400 kb. 
Test kits may comprise these probes. 
35 The foregoing disdosure regarding tiie complexity of the probes refers also to that aspect that concerns 

high complexity nucleic acid probes that stain targeted chromosomal materials wherein said targeted 
chromosomal materials are in the vicinity of one or more suspected genetic reanrangements that are associated 
with either chronic myelogenous leukemia (CML) and/or acute lymphocytic leukemia (ALL). 

In that latter aspect, when the probe nudeic acid sequences are propagated in a cell line and/or in one or 
40 more vectors, the cell line may be a hybrid ceil line and the one or more vectors be selected from the group 
consisting of yeast artificial chromosomes, piasmids, bacteriophages and cosmids. 

The method of distinguishing genetic rearrangements associated with chronic myelogenous leukemia 
(CML) and acute lymphocytic leukemia (ALL) comprising the steps of : 

a. hybridizing the probes to targeted chromosomal material in the vicinity of a suspected genetic rearrange- 
45 ment; 

b. observing and/or measuring tfie proximity of and/or other characteristics of the signals from said probes ; 
and 

c. determining from said observations and/or measurements obtained in step b) whether a genetic 
rean-angement has occurred, may be used as a method of distinguishing between CML and ALL. 

50 In the aspect concerning high complexity nudeic acid probes for cytogenetic analysis by In situ hybridi- 

zation wherein the probe nudeic acid sequences are propagated in a hybrid cell line, the hybrid cell line may 
be a human/rodent hybrid cell line, and in the aspect concerning high complexify nucleic acW probes wherein 
some elements of the probes are targeted to centromeres and/or telomeres of one or more chromosomes of 
a genome the elements may be targeted to centromeres which are alpha-satellite sequences. 

55 In the aspect concerning a method of staining targeted chromosomal material with high complexity nucleic 

acid probes wherein the probe nudeic acid sequences prior to hybridization to the targeted chromosomal ma- 
terial are broken into fragments of from about 200 bases to about 2000 bases, the size of the fragments may 
be at}Out 1 kb. 
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In the aspect concerning a method of staining as in the previous paragraph, wherein the size of the frag- 
ments is ftorn about 800 bases to about 1000 bases and. wherein the hybridization is performed at a tempera- 
ture of about 30»C to about 45-C, and wherein the subsequent washing steps are perfomied at a temperature 
T.l ^"^ ^ ^"""^ *® ^hybridization may be performed at a temperature of fiom about aS'C to 
about 40OC. or may be performed at a temperature of about 37-0, and the subsequent washing steps being 
performed at a temperature of about 45'C. 

The labelled fragments may be detected after hybridization by flow cytometry, by microscopy (which mav 
be automated) or by light scattering. ' 

In the aspect concerning high complexity probes for cytogenetic analysis by in situ hybridization wherein 
the targeted chromosomal material of said probes is of fetal cells that have been separated from maternal blood 
said fetal cells may be separated from matemal blood by using monoclonal antibodies spedfic for said fetal 
cells, and the fetal cells may be leukocytes and cytotrophoblasts. 

Such probes may comprise a prenatal screening test kit 

In the aspect concerning a method of staining targeted chromosomal material of fetal cells with high com- 
plexity nucleic acid probes wherein the fetal cells have been separated from matemal blood, the fetal cells may 
have been separated from maternal blood by using antibodies specific for said fetal cells, and may be leuko- 
cytes and cytotrophoblasts. 

. ^ Ir?®. ^V^'^ conceming chromosome-specific staining reagent comprising a heterogeneous mixture of 
abelled single-stranded nudeic add fragments, wherein said labelled nudeic acid fragments are complemen- 
tary to sites on targeted chromosomal material and are substantially free of nudeic acid sequences having hyb- 
ndizafton capacity to sites on non-targeted chromosomal material, the single-stranded nudeic acid fragments 
may be labelled with radioactive, enzymatic, immunoreactive and/or affinity detectable reagents, and/or may 
be modified with N-acetoxy-N-2-acetylaminofluorene. modified with mercuiy/TNP ligand, sulfonated 
digoxigenenated. or contain T-Tdimers. 

In the aspect concerning high complexity nudeic acid probes which are substantially free of shared repeti- 
tve sequences which are produced by a process incorporating a polymerase chain reactfon (PCR) procedure 
dunng said PCR process, sequences which are complementary to said shared repetitive sequences, and which 
have extended non-complementary ends or whfch are temiinated in nudeotWes which do not pemiit extension 
by a polymerase, may be hybridized to said shared repetitive sequences to inhibit amplification of such sequ- 



In the aspect concerning a method of staining targeted chromosomal material with high complexity nudeic 
acid probes wherein the probes are not directly labelled and detection of the probes bound to the targeted 
chromosomal material is by means other than direct labelling, the means of detecting the probes bound to the 
targeted chromosomal material may comprise the use of anti-RNA/DNA duplex antibodies and/or anti-thymi- 
dine dimer antibodies. 

steps o?^ concerning a method of detecting cytogenetic abnormalities in chromosomes comprising the 

a. hybridizing high complexity labelled/visualizable nudeic add probes targeted to two or more 
chromosomal regions of a genome suspected of containing a cytogenetic abnomiality to produce a pattern 
of two or more stained bands ; 

b. comparing the banding pattern produced in step (a) with a banding pattern achieved by having hybridized 
said probes to normal chromosomal material of the same species as thatsuspected of containing the abnor- 
mality ; and 

c. detecting any differences between the banding pattern produced in step (a) with that of the nonnal band- 
ing pattern, the chromosomes may be in metaphase or in interphase. 

The detection may be by automated means, which may be computer-assisted microscopy 



Claims 



A method of staining targeted chromosomal material based upon nudeic add sequence employing nudeic 
acid probes wherein said targeted chromosomal material is in the vidnity of one or more suspeded genetic 
rearrangements that are diagnostic for chronic myelogenous leukemia (CML). 

A method according to Claim 1 wherein the genetic reaaangement is selected ftwn the group consisting 
of translocations, deletions, inverskins. amplifications and insertions. 

AmettKJd according to Qaim 2 wherein said nudeic acid probes are homologous to nudeic acid sequences 
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in the vicinity of the translocation breakpoint regions of Chromosomal regions 9q34 and 22q1 1 associated 
with CML. 

A method according to Claim 3 wherein said nucleic acid probes produce a staining pattern which is dis- 
tinctively altered when the BCR-ABL fusion characteristic of CML occurs. 

A method according to Claim 2 or Claim 3 wherein signals from said nucleic acid probes when hybridized 
foTaiJl"^^^^^^ produce staining patterns as represented in Figure 11. sections t.e. mdu- 

sively. 

Amethodaccorting to Claim4wherein the proximity of and/or other characteristics of 
ing pattern indicate whether said BCR-ABL fusion is present. 

A method according to Claim 5 wherein said nucleic probes have a complexity of from about 50 kilobases 
(kb) to about 1 megabase (Mb). 

Amethod of staining targeted chromosomal material based upon nuclelcacid sequence employing nucleic 
acSi wS«™Ssaid targeted chromosomal material is in the vicinity of one ormore suspected gene^.c 
finCernts^^^^^^^^^^^ either chronic myelogenous leukemia (CML) and /or acute lymphocyfc 

leukemia (ALL). 

A method according to Claim 8 wherein said nucleic acid probes produce staining patterns which disting- 

IhageneSrrnra^^^ 
with acute lympho<qrtic leukemia (ALL) occurs. 

A method of staining chromosomal material based upon nucleic add sequence «'"P'7'"9 ""'^^^/^^^^^ 
^Xs wherein said taigeted Chromosomal material isof fetal cellsthatha 

blood. 

Nudeic acid probes that reliably stain targeted chromosomal materlalswherein said targeted chromos^^^^^ 
li^rialsa^^^^^^^ 

chronic myelogenous leukemia (CML) or acute lymphocytic leukemia (ALL). 

12. Nudeic acid probes according to Claim 1 1 wherein the one or more suspected genetic rearrangements 
are diagnostic for CML 

13 High complexity nudeic add probes that stain targeted chromosomal materials wherein said targeted 
clSon^somal materials are in the vicinity of one or more suspected ^^"^'^^ ^^^Z^f^ZtT^ 
asSSted with either chronic myelogenous leukemia (CML) and/or acute lymphocytic leukemia (ALL). 

14. High complexity nudeic add probes according to Claim 13 wherein the one or more suspected genetic 
rearrangements are associated with CML. 

1 5 Hioh comolexity nudeic acid probes according to Claim 1 4 wherein said genetic rearrangements are selec- 
Sd fr^m the gl^^^^^^ translocations, inversions, deletions, insertions and amplificabons. 

16. High complexity nudeic acid probes according to Claim 15 which produce a staining pattern whid, is dis- 
tinctively altered when the BCR-ABL fusion characteristic of CML and/or ALL occure. 

50 17. High complexity nudeic acid probes according to Claim 16 whidi have a complexity of from about 50 kb 
to about 1 megabase. 

18. A method of distinguishing genetic rearrangements associated with dironic myelogenous leukemia (CML) 
and acute Ivmohocytic leukemia (ALL) comprising the steps of ; . . , -^»h 

aXbSg the probes of Claim 1 1 to targeted chromosomal material in the vicinrty of a suspected 

roSrandrmJasurlng the proximity of and/or other d,aracteristics of the signals f^m said 
probes ; and 
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c. determining from said observations and/or measurements obtained in step b) whether a genetic 
rearrangement has occurred. 

19. A method of detecting genetic reanrangements associated with CML according to Qaim 18 wherein the 
probes of step (a) are high complexity nucleic acid probes that stain targeted Chromosomal materials in 
the vicinity of one or more suspected genetic rearrangements that are diagnostic for CML 

20. A method according to Claim 1 8 wherein the leukemia is CML and the genetic rearrangement to be detected 
produces a BCR-ABL fusion. 

21. A method according to Claim 20 wherein the chromosomaf material is either in metaphase or in interphase. 

22. A method according to Claim 21 wherein the chromosomal material is in metaphase. 

23. A method according to Claim 21 wherein the Chromosomal material is in interphase. 

24. A method according to Claim 19 wherein staining patterns produced therefrom are used to distinguish nor- 
mal and malignant cells for purposes of prognosis and/or determining the effectiveness of therapy. 

25. A method according to Claim 24 wherein regimens for said therapy are selected from the group consisting 
of chemotherapy, radiation, surgery and transplantation. 

26. A method according to Claim 19 wherein staining patterns produced therefrom are useful in monitoring the 
status of a patient whose chromosomal material is so tested on a cell to cell basis. 

27. A method according to Claim 26 wherein the patient is in remission and staining patterns produced there- 
from are predictive of a recurrence of CML. 

28. A method of detenmining the molecular basis of genetic disease comprising hybridizing high complexity 
nucleic acid probes that stain targeted chromosomal materials wherein said targeted chromosomal mate- 
rials are human, selected from DMA of chromosomes 1 through 22, X and Y, and are in the vicinity of one 
or more potential genetic reanrangements. 

29. High complexity nucleic acid probes according to Claim 14 wherein the probe nucleic acid sequences are 
propagated in a cell line and/or in one or more vectors, 

30. A method of staining targeted chromosomal material in the vicinity of a suspected genetic rearrangement 
associated with chronic myelogenous leukemia (CML) with high complexity nucleic acid probes according 
to Claim 14 wherein the probe nucleic acid sequences prior to hybridization to the targeted chromosomal 
material are broken into fragments of from about 200 bases to about 2000 bases. 

31. A method according to Claim 30 wherein the size of the fragments are about 1 kb. 

32. A method according to Claim 31 wherein the size of the fragments is from about 800 bases to about 1000 
bases and, wherein the hybridization is perfonDed at a temperature of about 3Q°0 to about 45^C, and whe- 
rein the subsequent washing steps are performed at a temperature of from about 40^C to about 50C. 

33. A method according to Claim 32 wherein the hybridization is performed at a temperature of from about 35^C 
to about 40'*C. 



34. A method according to Claim 33 wherein the hybridization is perfonmed at a temperature of about S/^C, 
and the subsequent washing steps are performed at a temperature of about 45*»C. 

35. A method according to Claim 30 wherein the fragments are labeled/visualized for detection after hybridi- 
zation by flow cytometry. 

36. A method according to Claim 30 wherein the fragments are labeled/visualized for detection by microscopy. 
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37. A method according to Claim 36 wherein the microscopy is automated. 

38. Chromosome-specific staining reagent comprising a heterogeneous mixture of labeled nudeic acid frag- 
ments, wherein the labeled nucleic acid fragments are complementary to sites on targeted chromosomal 

5 material in the vicinity of one or more suspected genetic rearrangements associated with chronic myelogen- 

ous leukemia (CML) and are substantially free of nudeic acid sequences having hybridization capacity to 
sites on nontargeted chromosomal material. 

39. The chromosome-specific staining reagent of Claim 38 wherein said labeled nudeic acid fragments are 
10 single-stranded. 

40. The chromosome-speciiFic staining reagent of Claim 38 wherein said nudeic acid fragments are labeled 
with radioactive, enzymatic, immunoreactive, fluorochromes and/or affinity detectable reagents. 

15 41. The chromosome-specific staining reagent of Claim 40 wherein said firagments are biotinylated, modified 
with N-acetoxy-N-2-acetylaminofluorene. modified with.fluorescein isothiocyanate, modified with mer- 
cury/TNP ligand, sulfonated, digoxigenenated, or contain T-T dimers. 

42. A chromosome-specific staining reagent that provides staining pattems indicative of one or more genetic 
20 rearrangements associated with chronic myelogenous leukemia (CML) produced by the process of : 

isolating chromosome-specific DNA in the vicinity of the BCR and ABL genes ; 
amplifying pieces of the isolated chromosome-specific DNA ; 

disabling the hybridization capacity of and/or removing shared repetitive sequences contained in the 
amplified pieces of the isolated DNA to form a collection of nudeic acid fragments which hybridize pre- 
25 dominantly to targeted chromosomal DNA in the vicinity of the one or more suspected genetic rearrange- 

ments ; and 

labeling the nudeic acid fragments of the collection to form a heterogeneous mixture of nudeic acid frag- 
ments. 

30 43, A chromosome-specific staining reagent according to Claim 42 wherein said step of amplifying said pieces 
of isolated DNA is perfomned by cloning. 

44- A chromosome-specific staining reagent according to Claim 42 wherein said step of amplifying said pieces 
of isolated DNA is performed by using the polymerase chain reaction (PCR). 

35 

45. The chronrKJSome-specific staining reagent of Claim 42 wherein said step of rennoving said shared repetitive 
sequences comprises selecting amplified pieces of said isolated DNA which pieces are substantially free 
of nudeic acid sequences which are complementary to non-targeted chromosomal material. 

40 46. The chromosome-specifiG staining reagent of Claim 45 wherein said selection of said amplified pieces com- 
prises the use of Southern hybridization. 

47. The chromosome-specific staining reagent of Claim 46 wherein said selection of said amplified pieces com- 
prises screening dones for the presence of repetitive sequences by hybridization with genomic DNA. 

45 

48. The chromosome-specific staining reagent of Claim 47 wherein said dones are plasmid dones. 

49. The chronfK>some-specific staining reagent of Claim 48 wherein said selection of said amplified pieces com- 
prises screening said clones for hybridization to the targeted chromosomal material, and removing the 

50 clones which do not so hybridize. 

50. The chromosome-specific staining reagent of Claim 42 wherein said step of disabling said hybridization 
capacity comprises hybridizing said labeled pieces of said isolated DNA with unlabeled nucleic acid sequ- 
ences. 

55 

51. The chromosome-specific staining reagent of Claim 50 wherein said step of disabling said hybridization 
capacity comprises the addition of unlabeled blocking nucleic acid to the labeled nudeic acid probe prior 
to and/or during hybridization to the targeted chromosomal material. 
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52. The chromosome-specific staining reagent of Claim 51 wherein, the unlabeled blocking DNA is genomic. 

53. The chromosome-specific staining reagent of Claim 52 wherein the blocking nucleic acid is a high-copy 
fraction of genomic Dt4A. 

5 

54- The chromosome-specific staining reagent of Claim 51 wherein the unlabeled blocking DNA is from a selec- 
tion of clones containing the highest copy sequences from a genome and/or additional clones as required 
to produce useful contrast. 

10 55. The chromosome-specific staining reagent of Claim 42 wherein said step of disabling said hybridization 
capacity of said shared repetitive sequences comprises self-reassociating the high complexity probe. 

56. The chromosome-specific staining reagent of Claim 42 wherein said step of removing the shared repetitive 
sequences comprises the use of hydroxyapatite chromatography. 

15 

57, The chromosome-specific staining reagent of Claim 42 wherein said step of removing the shared repetitive 
sequences comprises reacting the amplified pieces of the isolated DNA with immobilized, single-stranded 
nudeic acid sequences which are complementary to said shared repetitive sequences. 

20 58. A method of staining targeted chromosomal material with a high complexity nucleic acid probes according 
to Claim 14 to produce staining patterns indicative of genetic rean-angements associated with CML wherein 
unlabeled high copy repetitive nucleic acid sequences or genomic DNA are hybridized to the targeted 
chromosomal material prior to or during the hybridization with the high complexity nucleic acid probe. 

A method of staining targeted chromosomal material with high complexity nucleic acid probes according 
to Claim 14 to produce staining patterns indicative of genetic rearrangements associated with CML com- 
prising the steps of : 

providing a heterogeneous mixture of labeled nucleic acid fragements, wherein substantial proportions 
of the labeled nucleic acid fragments in the heterogeneous mixture have base sequences substantially 
complementary to the targeted chromosomal material which is in the vicinity of a suspected genetic 
rearrangement associated with CML ; 

reacting the heterogeneous mixture with the targeted chromosomal DNA by in situ hybridization ; and 
observing and/or measuring the proximity of and/or other characteristics of signals of said staining pat- 
terns to determine whether a genetic rearrangement has occurred. 

High complexity nucleic acid probes according to Claim 14 which are substant-ally free of shared repetitive 
sequences produced by a process employing a polymerase chain reaction (PCR) procedure. 

High complexity nucleic acid probes according to Claim 60 wherein during said PCR process, sequences 
which are complementary to said shared repetitive sequences, and which have extended non-complemen- 
tary ends or which are terminated in nucleotides which do not permit extension by a polymerase, are hyb- 
ridized to said shared repetitive sequences to inhibit amplification of such sequences. 

62. A method of staining targeted chromosomal material in the vicinity of a suspected genetic rearrangement 
45 associated with CML with high complexity nucleic acid probes of Claim 14 wherein the probes are not 

directly labeled and detection of the probes bound to the targeted chromosomal material is by means other 
than direct labeling. 

63. A method of staining targeted chromosomal material according to Claim 62 wherein the means of detecting 
50 the probes bound to the targeted chromosomal material comprise the use of anti-RNA/DNA duplex anti- 
bodies and/or anti^thymidine dimer antibodies. 

A method of distinguishing between suspected genetic rearrangements that occur in relatively close prox- 
imity in a genome comprising in situ hybridization with high complexity nucleic acid probes which comprise 
sequences which are substantially homologous to nucleic acid sequences in the vicinity of said suspected 
genetic rearrangements. 

65. A method according to Claim 64 wherein said suspected genetic rearrangements are associated with CML 
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@ Methods and compositions for staining based 
upon nucleic acid sequence that employ nucleic acid 
probes are provided. Said methods produce staining 
patterns that can be tailored for specific cytogenetic 
analyses. Said probes are appropriate for in situ 
hybridization and stain both interphase and meta- 
phase chromosomal material with reliable signals. 
The nucleic acid probes are typically of a complexity 
greater than 50 kb, the complexity depending upon 
the cytogenetic application. Methods and reagents 
are provided for the detection of genetic rearran- 
gements. Probes and test kits are provided for use 
in detecting genetic rearrangements, particularly for 
use in tumor cytogenetics, in the detection of dis- 
ease related loci, specifically cancer, such as chron- 
ic myelogenous leukemia (CML) and for biological 
dosimetry. Methods and reagents are described for 
cytogenetic research, for the differentiation of cy- 
togenetically similar but genetically different dis- 
eases, and for many prognostic and diagnostic ap- 
plications. Further provided is a method of preparing 



and applying chromosome-specific single-stranded 
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